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1. Introduction

This guide was prepared by the American Industrial Hygiene Association Biosafety Committee. As a
technical committee duly constituted by the ATHA Board of Directors, we are providing information we
hope will help in addressing questions about biohazards in the workplace.

The intent of this manual is not to cover all occupational settings or all biohazardous agents. A few
occupational settings — namely laboratory, health care, and biotechnology —are discussed. Bloodbome
pathogens, ruberculosis, bicgenic toxins, and: allergens are discussed in depth. Our iatent is to provide
the reader with basic information on biohazards and the control of hiobiazard exposures that can be
applied despite the occupational setting and biohazards involved.

For the purposes of this publication, a biohazardous agent is one of biclogical origin that has the
capacity to produce deleterious effects on humans. Occupational biohazards inciude those organisms of
substances of biological origin that occur in the working environment and cause —of have the potential
to cause — deleterious effects on exposed workers or their families. Included in this definition are viable
microorganisms and toxins and allergens derived from these organisms; arthropods, including species
that might directly cause adverse effects (a bite or sting) or might produce substances that act as an
allergen or toxin; and allergens and toxins derived from higher plants and animals.

The presence of an organism or biclogically derived substance in the work environment does 10t
necessarily represent a hazard. The hazard potential depends on a complex relationship between agent
factors, host factors, and work environmental factors. Each of these factors must be considered when
assessing the health risk potential from biological agents.

The definition of biosafety s also important. Biosafety is used in this marual 10 describe a complete
program of administrative controls, medical surveillance, vaccination, and containment strategies for
reducing the risk of disease in employees facing potential occupational exposure to infectious agents of
other biologically derived molecules. ’

This publication is organized as follows: The first three chapters provide background information
about the three types of responses generally assaciated with exposure 10 biohazardovs agents: infec-
tions, intoxications, and allergic responses. Withip these three chapters, more detailed information is
provided in sections that focus on either specific biohazardous materials, environments, or sampling
methodologies that are pertinent to that chapter. The objective of the detailed treatment is to provide the
practicing industrial hygienist or occupational health and safety professional with sufficient information
to allow them to anticipate some of the difficulties of biohazard remediation. It will help them tailor 2
biosafety program that addresses their specific needs.

In addition to chapters covering the specific types of responses to biohazardous agents, there are two
chapters that mmnnnnmf address control strategies and methods for the decontamination, disinfection,
sterilization, 2nd handling of biohazardous waste.

Although the AIHA Riosafety Committee believes this manual provides a comprehensive overview
of biosafety, the committce recommends that other resources be consulted in developing 2 biosafety
program. Table I contains a list of published biosafety guidelines, and Appendix lisa bibliography of
literature pertaining to issues in biosafety.
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2. Viable Microorganisms

A. Overview

1. Basic Microbiology

Of the thousands of microbes inhabiting our earth, only a small fraction is pathogenic to man. Included
in this group of medically important microorganisms are viruses, bacteria, chlamydiae, rickettsiae, my-
coplasmas, and fungi. However, in addition to pathogenic species, free-living or saprophytic microor-
ganisms may represent a health risk under conditions of intense exposure or to susceptible (e.g.,
immunocompromised) individuals.

Industrial hygienists involved in biohazard analysis need to understand the dynamics of microorgan-
isms in various occupational settings before they can effectively design control measures to prevent
occupational infections. Each organism requires a set of parameters for its growth, metabolism, devel-
opment, and reproduction. The external environment must provide favorable conditions for the mainte-
nance of these internal vital processes before the organism can successfully compete with other mi-
crobes and be able to survive and grow in the particular environment.

Environmental factors that might affect the survival of microbes include moisture content, tempera-
ture, acidity/alkalinity, osmotic pressure, cxygen tension, nutrients, and lighting. Organism characteris-
tics such 25 the presence of environmentally resistant capsules and viralence factors often determine the
survivability of the organism and its ability to cause disease in the host. A thorough understanding of
these issues may be acquired by consulting a current textbooks in microbiology.”

Viruses are submicrescopic, subcellular, filterable agents consisting of a central core of nucleic acid
wrapped in a protective coat of protein that may, in tum, be surrounded by a lipoprotein membrane. The
nucleic acid of a virus is either DNA {deoxyribonucleic acid) or RNA (ribonucleic acid). Viruses do not
have energy generating and biosynthesis mechanisms. Their replication requires the active participation
of host cells. The size of viruses ranges between 0,02-0.3 pm. Electron micrascopy has shown that
viruses veeur in different shapes, with some taking the shape of spheres, rods, bricks, butlets and tad-
poles. Viruses are classified according to their size, morphology, symmetry, kind of nucleic acid, and
ether stability (which is an indicator of the lipid content of the protective coat}.

Bacteria appear in many different sizes and shapes. Their morphological fearares have been used for
grouping purposes. Representative spheroidal or coccal shaped bacteria include the Staphylococcus and Strep-
tococcus species. Cylindrical or rod shaped organisms include the Escherichia and Salmonella species. Curved
tods are exemplified by the Vibrio genus (the causative agent for cholera) and the coiled thread-like organisms
are exemplified by the Treponema genus (causative agent for syphilis). Filamentous bacteria are represented
by the Actinomycete genus. The majority of bacteria measure between 0.5-1.0 pm x 2-5 um.

Another way of classifying bacteria is by the vse of staining reactions. which are based on the reaction
between certain dyes and the bacterial celf wall components. One commonly used staining procedure is
the Gram stain. This reaction depends on the fact that when certain bacteria are stained with an aniline
dye (such as gentian violet} and are subsequently fixed with a potassium iodide solution, treatment with
alcohol fails to decolorize the bacteria. Other bacteria, after going through the same procedure, are
readily decolorized. Bacteria that are able to retain the color are called Gram-positive (GPBY); those that

are unable 1o retain the color are called Gram-negative (GNB).

The differences in the stzining characteristics of GNB and GPB are in the chemical composition and
structure of the cell wall. A variety of other staining procedutes can be used to enhance the microscopic




Microscopically, bacteria can be visualized as “colonies” on culture media When bacteria are seeded
parsely over the surface of solid media, the individual organisms multiply and form isolated colonies, termed
Leolony forming unit (CFU). The appearance of the colonies are often characteristic of particular species. In
wddition to physical properties, bacteria can also be identified by biochemical and serclogical reactions.

Chlamydiae, such as the causative agent for trachoma (Chlamydia trachoma), measure 0.25-0.5 pm
n diameter. They are obligate intracellular parasites that multiply by means of a unique developmental
:ycle. They produce characteristic cytoplasmic inclusions in susceptible host cells. They are susceptible
0 antimicrobials such as sulfonimides, chloramphenicol, and tetracycline. They possess group specific
:omplement-fixing antigens. Individual members are identified by their virulence for different hosts, by
he pathology produced and by the possession of specific antigens,

Rickettsiae are smatl pleomorphic coccobacilli that can only multiply within susceptible host cells.
viost of them require an arthropod host for perpetuation in nature. Altheugh rickettsiae and bacteria are
'ery similar in morphology and metabolic characteristics, most rickettsiae possess cell membranes that
re permeable to metabolites, such as nucleotides. This Jeakage of mucleotides into the environment may
»e the basis for their lability and failure to multiply outside of the susceptible host cells. Coxiella burnertt,
he causative agent for Q fever, is an important exception. It survives well in the environment.

Mycoplasmas are the smallest cells capable of independent existence. Some are smaller than the
arger viruses and can pass through filters with an average pore size of 0.15 pm. They differ from
»acteriz in the absence of a cell wall and in the presence of sterols in the cell membrane. Therefore, they
e not susceptible to antibiotics that interfere with cell wall synthesis. Mycoplasma prnewnonia is the
:ausative agent for primary atypical pneumenia.

Fungi can exists either in the yeast or mold phase depending upon environmental conditions. Yeast
re unicellular, oval cells 3—5 pm in diameter. Molds consists mainly of long branching filaments known
s hyphae which are tubular structure 2-10 um in diameter. Hyphae consist of several cells lying end to
nd, usually separated from one another by septa. A mass of intertwining hyphae is known as a “myce-
ium.” Yeast cells reproduce by budding, but molds reproduce by apical growth of hyphae, by formation
f spores, or by fragmentation of hyphae. Some species are even capable of sexual reproduction similar
3 those of higher plants. The spores are highly resistant to adverse environmental conditions and can
erminate under favorable conditions to give rise to new colonies of hyphae.

“Mycoses’ is the term used to describe fungal infections in man. They are classified as systemic,
ubcutaneous, and superficial mycoses. Fungi capable of causing systemic infection include Coccidioides
wunitis (San Joaquin Valley Fever), and Histoplasma capsulatum (found in pigeon droppings).
‘porotrichum schenckii is the only important fungus causing subcutaneous mycosis. Genera capable of
ausing superficial infection include Microsporum, Trichophyton, and Epidermophyton.

Besides being capable of causing infections, some fungi bave been demonstrated to cause allergenic
=sponses such as hypersensitivity pneumonitis. Examples of these organisms include the saprophytes
ladosporium, Aspergitlus, and Alternaria.

. Routes of Exposure

1 the occupational environment, significant routes of exposure to infectious agents include ingestion,
rhalation, inpculation, skin and mucous membrane penetration, and animal and insect bites.

Ingestion of pathogenic microbes occurs frequently as results of poor personal hygiene and poor
1boratory practice. Handling infectious materials without gloves and failure to wash contaminated hands
efore handling food are some common mistakes. Eating, drinking, smoking, and application of cos-
1etics or contact lenses in laboratories also can result in ingestion of infectious agents and exposure to
1€ conjunctiva.

Inhalation exposure occurs when aerosol generating procedures are conducted in an open area without
ontainment. Operations such as centrifugation, sonication, homogenization, and mixing generate agro-
ols. These cperations must be conducted in controlled environments to prevent employee exposure,

Inoculation frequently occurs as accidental injections with contaminated needles or cuts with con-
:dmmmmou sharp instruments. Inadequate control of infected experimental animals and infected insect
ectors may also result in the infection of the laboratory worker through accidental bites.

) oo, . - L B Y S
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Table 11 provides data from a series of air-sampling determinations showing the numbess of viable
particles generated by standard laboratory operations.®?

Table [l. Concentration m._a Particle Size of Aerosols Created During Named lL.aboratory
Techniques *

Number of Particle Size
Viable Colonies ® in Micrometers ©
Mixing culture wf pipet 6.0 35
Mechanical mixer for 15 seconds 4 0
Mixer overflow 9.4 43
Use of blenter
w! top on during operation Co19 1.9
w/ top remaved after operation 1500 1.7
Use of sonicator [ 48
Lyophylized cuttures
Opened carefully . 134 10.0
Cropped 4838 100

it : Particle Size D i i Aerosols Created During Common
& Source: Kenny, M.T, and FL. Sabel: Parficle Size Distribution of Serralia marcescens. ls Create 0
rm“o,.maa. h_w.gn_mam. Appl. Microbiol. 16:146-150 (1968}, Reitman, M., and A.G. Wedum: Microbiclogical Safety. Public

Healthi Rep. 71659-665 (1956).
8 Mean number of vizble colonies per cubic foot of air sampled.
© Mean diameter of the particle.

* Reprinted with permission from “Student Mantal-Testing of Class 1t Biological Safety Cabinets” Department of Ervironmen-
1al Health Sciences, Harvard School of Public Health, Bosion, MA.

3. Imfectious Dose

Infectious dose is the number of organisms necessary to initiate an E.mmnmo: in the host. It varies .W%H ﬂwm
agent, the route of exposure, the virulence of the organism, and the .:.E:czo mmmEm of the host. Table
contains data showing the infectious dose for man using various organisms and different routes of exposuze.

Table Iii. Infectious Dese for Man

Route of inoculation

Disease or Agent Dose ®
Scrub typhus 3 Intradermal
Q fever 10 Inhalation
Tutaremia 10 Inhalation
Malaria 10 Infravenous
Syphilis 57 Intradermal
Typhoid fever 104 Ingestion
Cholera 108 Ingestion
Escherichia coff 10° __._mmm_,“o:
Shigellosis 10° ingestion
Measles 02°¢ Inhalation
[
Venezuelan 10 Subcutaneous

Anaanhalitic




wsackie A21

Tuenza A2

=18
2790

Inhalation
Inhalation

Sourge: Anon., 1974,
Jose in number of crganisms

Viedian infectious dose in children
Suinea pig infective dese
viedian infecticus dose

3eprinted with permission from “Student Manual-Testing of Class 1l Biological Safety Cabinets; Department of Envircnmen-
tal Health Sciences, Harvard Scheo! of Public Health, Boston, MA,

Workplace Occurrences

scupational infection can be a sefjous concern in certain work environments. Historically, anthrax (Bacil-
¢ anthrasis, aerobic GPB spore-forming bacteria) had been a major occupational hazard of industrial
srkers who process contaminated animal hides, hair (especially from goats}, bone and bone products,
d wool, in addition to vetetinarians and agricultural workers who handle infected animals. Farmers and
wghterhouse workers were at risk of acquiring brucellosis (Bruceila spp.) by handling tissues, blood,
ine, vaginal discharges, and aborted fetuses of infected cattle, swine, sheep, goats, horses, and reindeer.
Today, the threat of health care workers (HCWs) acquiring hepatitis B and other bloodborne patho-
s has become an issue of increasing concetn. Monkey handlers are at risk of exposure to the herpes
nian virus, a fatal human pathogen. Q fever is also a major concern for sheep handlers. Workers in
demic areas for valley fever (e.g., the San Joaquin and Sacramento valleys) who are exposed to dust
ntaining spores of the fungus Coccidioides immitis are at risk of Valley fever infection, Bird handlers,
wltry farmers, and workers in pouliry processing plants are at risk of acquiting psittacosis from in-
cted birds. Workers exposed to pigeon droppings might be exposed to the fungus Histoplasma
psulatum, the causative agent for histoplasmosis. ’

In some of the cccupational infection cases, the causal factors and the responsible agents might not be
adily identified. For example, it was reported in 1987 that five molecular biologists working in two
fjacent laboratories at the Pasteur Tnstitute in Paris came down with cancer.® They were working with

mor viruses, oncogenies, and mutagens. Although neither the exact mechanism of exposure nor the -

entification of an infecticus agent were established, the odds of having five rare cases of bone cancer

a small. cluster of 50 people within a two-year period is estimated to be 1 in 10 million.

In anotherunusual exposure, a lab worker received anaccidental injection of a human colonic adenocarcinoma
11 line.® Such accidental “grafting” usually does not resutt in significant consequences since differences in
isue type will trigger the host’s defense system to reject incompatible cells. In this case, however, the patient
as later diagnosed to have developed a small umor nodule at the site of inoculation.

i. Laboratory-Acquired Infections

. Review of the Available Information

31 more than 40 years, efforts have been made to study the accidental infection: of laboratory workers
ith pathogenic microorganisms.®'® During this period, several studies have clearly demonstrated that
acterial, viral, fungal, and rickettsial agents are potentially hazardous tc individuals within the labora-
iy, and to those in surrcunding areas.

In 1946, the first systematic study of the potential for lzboratory-acquired viral infections was initi-
ed by Sulkin and Pike.“® In 1951, in conjunction with the laboratory branch of the American Public
ealth Association (APHA), they initiated a surveillance program to obtain additional information. This
cogram included the development, distribution, and analysis of a questionnaire that was provided 1o
\ore than 5000 laboratories, a search of the published literature, and personal communications.'" As a
wsult, most of the information we have on accidental infections of laboratory workers with pathogenic
sicroorganisms has come from case reports, questionnaires, pubiications, and personal communica-

L3 L e

Of all the studies that have complied and analyzed information on laboratory-associated ma.ncmon.m,
the most recent by Pike contains more than 4000 cases.” As seen in Table IV, there were .Sm deaths in
the 40779 cases reported, with most of the deaths occurring from bacterial and viral infections. Table V

shows the 10'most frequently reported laboratory-associated infections.

Table V. Overt Laboratory-Associated Infections with Various Classes of Agents *

Agent No. of No. of No. of No. o*.

: Cases Deaths * Agents Involved Cases Pubtished
Bacieria 1704 71 37 744
Viruses 179 85 858 915
Ricketisiae 598 25 8 33

Fungi 354 5 9 313
Chlamydiae 128 10 3 71
Parasites 18 2 17 74

Total 4079 168 159 2498

% Source: Pike, R-M.: Past and Present Hazards of Warking with infectious Agents. Arch. Pathol. Lab. Med, 102:333-336 (1978).

B Of thege, 36 were aroviruses.

Table V, Ten Most Frequently Reported Laboratory-Associated Infections '

Infection No. of Cases Ne. of Deaths

Bruceliosis 428 5

Q Fever 280 1
Hepatitis 268 3
Typhoid Fever 258 20
Tularemia 225 2
Tuberculosis 194 4
Dermatomycesis 162 0
Venezuelan Equine Encephalitis 146 1
Psittacosis 116 10
Coceidioidornycosis 93 2

Total 2168 48

* Soyrce: Pike, R.M.: Past and Present Hazards of Working with Infectious Agents. Arch. Pathol. Lab, Med. 102:333-336 (1978}

Note that there is no way to accurately determine the true number of laboratory acquired infections

that have actually occurred throughout the years. The primary reasons for this lack of data is there has
been no requirement for reporting these infections, and it is difficult to determine E:QJQ all reported
infections were indeed laboratory acquired (e.g., slow developing pulmonary tuberculosis).

2. Modes of Exposure and Population at Risk

port published in 1976, Pike analyzed the results of 3921 laboratory-associated :.:nun:oa and
hat only 703 (18%? of the infections (see Table Vi) were caused by identifiable “.wnnanuwm.:g The
sulted from unknown or unrecognized causes. The most common mechanisms of exposure

e result of accidents involving direct inoculation by needle and syringe, cuts of abra-
e d i i nd sprays. Of the
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6% 22% 3%

work-related categories analyzed (see Table VII), it was
work- LIt fi i i i ickettst
e e ) ‘ound that 59% of the infections occurred in Rickeitsias
. Fungi Zh & S
T . .
able VI. Number of Laboratory-Asscciated Infections Caused by Various Accidents Cther - - =

Types of Accidents Agents
Bacteria  Viruses Rickeitsize  Fungi i i
gi Chlamydiae Parasites Unspeci
Accident involving needle e
and syringe 83 43 16 12 5 16 2 177
o%aa with infectious material '
resulting from spills, sprays, ete. 82 72 " 6 8 9 0
Imjury with broken glass o ”
other sharp oa_.ma 75 11 4 ] 0 1 12
Aspiration through pipet 67 20 3 0 1 1 i
Bite or scratch of animal or c ¥
ectoparasite 41 25 9 4 0 9 7
95
Other 3 0 4] a 0 0 3} 3
Not indicated 27 3
2 2 0 2
¢ 36
Total a78 174 45 33 14 38 21 703

Source: Pike, R.M.: Laboratory-Associated Infections: Summary of 3,921 Cases. Health Lab. Sci, 13:105-114 (1976)

Table VIi. Distributicn of Cases According to Primary Purposes of Work Performed *
Work Agents

: . Bacteria  Viruses Ricketisiae  Fungi Chlamydiae Parasites Unspecified Total
Diagnostic 3 . U3 27 43 10 18 20 677
mmmmm‘.a: 223 708 455 155 85 70 7 2307
Teaching 69 15 0 18 o 4 0
Siclegic products 35 73 18 z 5 0 1 o

134

.sz:osa 350 82 73 135 28 23 6 637
Total

1569 1049 573 353 128 115 34 3921

Source: Pike, R.M.: Laboratory-Assaciated Infections: Summary of 3,921 Cases. Heaith Lab. Sci. 13:105-114 {1976)
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3. Causative Agents

4 inci ired i

) “N_ﬂww MHM "M_Ew En_.m_m_mnn %w leboratory-acquired illness and the precise distribution of causative agents
, the available data seem to indicate that in the past 50 years there h i

agents responsible for laboratory-acquired infections ( 1D, Bacterials e

’ > see Table VIII). Bacterial-associated il

zxample, has declined from 67% to 13%, and viral illness has increased from 15% to 59% :_a e for

Table VIII. Laberatory-Acquired [nfections: Causative Agents and Changing Trends

Agent i

g Petiod reviewed

M . : 1925-1934 1945-1954 1965-1974
arteria 67% 40% 139,

S

* Source: Liberman, D.F, and J.G. Gordon {eds): Bichazards Marnagementt Handbook. New é},ﬂ Marcel Dekker, Inc., 1989.

C. Bloodborne Pathogens
1. Introduction

Bloodborne diseases of concern include hepatiti

s B, acquired immunodeficiency syndrome (AIDS),
hepatitis C, delta hepatitis, syphilis, malaria, and infection caused by cytomegalovirus. Bloodberne
pathogens may be transmitted from the infected individual to other persons when blood or other body
fluids are exchanged. Among these bloodbome pathogens, hepatitis B virus (HBV) and human im-
munodeficiency virus (HIV) are the agents of greatest conce in the occupational environment.

The increasing number of HBY infections and HBYV carriers in the United States, and the grave
consequence of HIV infection, make these two agents prime candidates of concemn. It is important to
realize that in contrast with hazardous chemical agents in the workplace, hazardous biological agents
such as bloodbome pathogens have the ability to replicate. Thus, w“safe™ doses of chemical and physical
agents may be defined; however, there is no “safe” levei of a bloodborne pathogen.

2. Hepatitis Viruses
Hepatitis means “inflammation of the liver” and is caused by various agents. There are several viral

agents that have been shown 10 cause hepatitis, including hepatitis A, B, C, D, and E.

HepatitisA and E: Hepatitis A, also known as “infectious hepatitis,” is transmitted primarily through
ingestion of fecal contaminated material and water. Hepatitis E is also transmitted via ingestion of
contaminated water and probably from person to person by the fecal-oral root. Neither is a bloodborne
pathogen and therefore they are not major concerns in the occupational environment.

Hepatitis B: Hepatitis B, formerty called “serum hepatitis,” is cansed by the hepatitis B virus (HBV).
Structurally, HBV has an inner core structure containing DNA, enzymes, and proteins. One of the core
proteins is the hepatitis B core antigen against which antibodies are formed on infection. The outer shell
is comprised of a lipoprotein and includes the hepatitis B surface antigen, another marker of exposure.
Once inside the body, this virus artacks and replicates itself in liver cells.

Hepatitis B infection does not occur uniformly throughout the United States. The disease is encoun-
tered more often in certain ethnic and racial groups, and is especially prevalent in various groups related
to occupation.

The percentage of people in the United States who are hepatitis B carrers (i.e., at tisk of developing
chronic liver disease and capable of transmitting the disease to others) is approximately 0.2% for whites,
079 for blacks, and as high as 13% for H.oﬂnmms.woas&mubm.ca In 1987, the Centers for Disease Control
and Prevention (CDC) estimated the totzl number of HBV infections in the general U.S. population to
be 300,000 per year, with approximately 75,000 (25%) of those infected developing acute hepatitis. Of
the estimated total of 300,000 infected individuals, 18,000 to 30,000 (6%—10%) will become HBV
carriers, at risk of developing chronic liver disease (chromic active hepatitis, cirrhosis, and primary liver
cancer), and capable of transmitiing the disease to others."®

When an individual is infected with the hepatitis B virus, two responses are produced: self-limited

: e 1 i Benatiie R infection. 09 The most frequent response found in healthy




T

t

adults is the development of self-lmited acute hepatitis and the corresponding production of a hepatitis
antibody. The production of this hepatitis antibody coincides with the destruction of liver cells contaig-
ing the virus, elimination of the virus from the body, and lifetime immunity against reinfection.

Following this acute infection with HBV and corresponding production of the antibody, approxi-
mately one-third of all infected individuals will experience no symptoms, one-third will experience a
mild flu-like illness (which is usually not diagnosed as.hepatitis), and one-third will experience more
severe symptoms such as fatigue, anorexia, nausea, dark urine, abdominal pain, fever and jaundice
(yellowing of the eyes and skin). These more severe symptoms occur because the destruction of liver
cells — in the body’s attempt to rid itself of the infection — often leads to this clinically apparent acute
hepatitis B,

The second type of hepatitis disease outcome, which is even. more severe, is chronic hepatitis B
infection. Approximately 6%—10% of those infected with HBV cannot eliminate the virus from
their Hiver cells. In these cases, the hepatitis antibody is produced in the body for many years,
usually for life. Those in this 6%—10% group become chronic HBV carriers and are at a high risk of
developing chronic persistent hepatitis, chronic active hepatitis, cirrhosis of the liver, and primary
liver cancer.

Chronic persistent hepalitis is a relatively mild, nienprogressive type of liver disease experienced by
approximately 25% of these carriers (the 6%-10% group). Chronic active hepatitis is a progressive,
debilitating disease that can lead to circhosis of the liver after 5 to 10 years {experienced by another 25%
of the cartiers). This condition may lead to fluid accumulation in the abdomen, esophageal bleeding,
coma, or even death.

Hepatitis C: There is evidence that more than one type of viral agent is involved. Hepatitis C is
parenterally transmitted. Ninety percent of all post-transfusion hepatitis has been linked to this agent(s),
mostly because until recently there was no screening for this agent(s) in bloed banks. Dru g users and
transfusion recipients are major risk groups. Between 15% and 35% of acute hepatitis cases in the
United States are attributed to hepatitis C, and it also causes chronic hepatitis. )

Studies have indicated that health care workers are also at increased risk of acquiring hepatitis C.1%
Although the pathways of transtission have not been vigorously demonstrated, it can be presumed that
accidental exposures and environmental factors (similar to those of HBV) are important.

Hepatitis D: Hepatitis D is a defective viras that only co-infects with hepatitis B, If one has received
the vaccine against hepatitis B, then hepatitis D does not pose a risk.

3. Human Immunodeficiency Viras

The human immunodeficiency virus (HIV) is the appropriately named causative agent of acquired im-
munodeficiency syndrome (AIDS). This disease weakens the body’s immune system leaving the in-
fected individual susceptible to many life-threatening “opportunistic” diseases and cancers that are not
ordinarily fatal.

HIV is a member of 2 group of viruses known as the human retroviruses. Structurally, this virus has an
inner core containing its genetic material (RNA) which is surrounded by a shell consisting of lipids and
proteins.'” One of the proteins produced by the virus is a reverse transcriptase enzyme, This enzyme
allows the transcription of RNA to DNA and thereby allows the interaction of the viral nucleic acid with
the host nucleic acid, In an active infection, the HIV invades blood cells (T-lymphocytes) that are nor-
maily used for the immune response, rendering the infected individual increasingly susceptible to op-
portunistic infections.

Since first described, the number of reported AIDS cases in the United States has increased dramati-
cally. For the first 5% years of the disease’s existence (1981-1987) nearly 30,000 AIDS cases were
reported to the CDC.%" By 1989, the figure had jumped to nearly 89,000 reported cases.™ It is interest-
ing to note that the number of AIDS cases reported each year continues to increase; however, the rate of
increase has steadily declined, except in 1987 when the case definition for

AIDS was revised (resulting -
in an abrupt increase in reported cases).

The significance of these statistics, with Tespect to potential occupational exposure, is that the CDC

estimates between 1 and 1.5 million persons in the United States are now infected with HIV."S The risk

to health care workers becomes apparent, since those infected eventuzlly require medical treatment for
related and unrelated conditions.
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Table IX. Clinicai Symptoms of HIV-infected Individuals

» Fatigue or listlessness

+ Weight loss of 10-15 pounds of 10% of body weight
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. Mnnmw%ﬁw”ﬁm” rnm.:w care Jdnhmnm as “persons, including students and trainees, whose activities
Torolve contac ﬂ_ mmnmn_“ﬁ or with blood or m&.@, body fluids from patients in a health care setting.”e»
e ate m Y types o ealth care é.o_,wma identified as being “high risk.” These include, but .

to, those listed in Table X. Besides health care personnel, there are other :o:.:mmﬂnwnhmﬂnwnﬁﬁ

tions that have a serious UOnm:.D..N~ EXpOoSsure t CIT W
. loodbo 3
these are listed in Table XI1. P! re to bloodborne muNHT.Ommn—m for their orkers. mxm—aﬁ—nw of

Table X. Examples of “High Risk” Health Care Workers
* Physicians (e.g, surgeons and pathclogists} .

+ Dentists (e.g., periodentists, oral surgeons, endedontists)

= Denttal professionals {e.g., demial hygienists and assistants)

* Nursing professionals (e.g., intraverious therapy nurses, critical care nurses)

+ Labaratory personnel {e.g., phlebotomists, blood bank technicians, medical technologists)
+ Qperating room personnel

* Dialysfs unit perscnnel

+ Emergency room personnel

* Laundry and housekeeping personnel

+ Emergency medical lechnicians

Table Xi. Examples of “High Risk” zo:._._mms:nmq.m Workers

* Morticians' services persanne! (postmartem procedures)
* Firefighters

* Law enfercement personnel
+ Correctional facilty personnel
* Persannel invalved in infectious waste disposal

* Personnel involved in service and repair of medica!l equipment (e.g., biomedical technicians)

5. Routes of Transmission of AIDS and Hepatitis B -
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In the occupational setting,

blood is the single most important sonrce of HBYV and HIV infection. Both

of these viruses have been transmitted in the workplace by:(®

a Parenteral (direct inoculation through the skin) injection, which includes contact with an open
wound, contact with nonintact skin (chapped, abraded, weeping skin), and injections through the
skin (needle sticks and cuts with sharp instruments).

b. Mucous membrane exposure, which includes blood or blood containing body fluid contamination
of the eye or mouth. :

The CDC has estimaied that 12,000 health care workers whose jobs entail exposure to blood become
infected with hepatitis B each yeatr. Of these 12,000, 500 to 600 are hospitalized as a result of the
infection, and 700 to 1200 of those infected become HBV carriers. Of the 12,000 hepatitis B-infected
workers, approximately 250 will die {12-15 from fulminant hepatitis, 170200 from cirrhosis, and 40—
50 from liver cancer).® These statistics support the £act that 10% to 30% of all health care workers show
serologic evidence of past or present HBYV infection.

On the other hand, occupational transmission of HIV has beer: documented in only a few health care
workers. The CDC has identified only 25 cases in which HIV infection is directly related to occupational
expostre.'® These 25 cases represent diverse group of health care personnel including nurses, laboratory
personnel, and a dentist. In 16 of these cases, exposure to the blood of HIV.infected individuals occurred
by needle stick. Two infections are believed to have resulted from cuts with sharp, HIV-contaminated
objects. In the remaining seven cases, HIV exposure occurred via mucous membrane or noniatact skin.

It is important to realize that the potential for HBV transmission is greater than the potential for HIV
transmission. The risk of hepatitis B infection (for an individual who has not had prior hepatitis B
vaccination) following a parenteral exposure (such as a needle stick from a hepatitis B carrier) is ap-
proximately 6%-30%.%" The risk of infection with HIV following a needie stick exposure to blood
from a patient known to be infected with HIV is approximately 0.35%. This rate of transmission is
considerably lower than that for HBV, probably as a result of the significantly lower concentrations of
virus in the blood of HIV-infected persons and the infectivity of HIV.

In addition to blood, there are numerous other body fluids that are either known or suspected in the
transmission of HBY or HIV. They include cerebrospinal fluid (CSF), synovial fluid, pleural fluid,
peritoneal fluid, percardial fluid, amniotic fleid, semen, and vaginal secretions. There are several other
body substances to which the risk of HBV or HIV transmission is extremely low or nonexistent, includ-
ing feces, nasal secretions, sputum, sweat, tears, urine, and vomitus unless they contain visible blood.®

It is also worth mentioning that not oaly is there documentation of HIV transmission from patient to
health care worker, but in 1991 the first evidence to strongly suggest HIV transmission from health care
worker to patient was discovered.* The CDC investigation of a Florida dentist with AIDS revealed itis
likely that 3 to 3 patients were infected with HIV while receiving dental care. Neither the precise mode
of HIV transmission to these patients nor the reasons for transmission to multiple patients in a single
practice are known. However, the hepatitis B virus has also been transmitted to multiple patients in the
practice of HBV-infected tealth care workers during invasive procedures. 2%

Most reported transmissions of HBV to clusters of patients in the United States occurred before
awareness increased of the risks of transmission of bloodborme pathogens and before emphasis was
placed on the use of “[Jpjversal Precautions” and hepatitis B vaccine among health care workers. Factors
that may be associated with this wansmission of bloodborne pathogens from infected health care worker
to patients include variations in procedures performed and techniques used by the health care worker;
infection control precautions used; and the titer of the infecting agent.

6. Reguiatory Requirements
During the 1980s, the CDCand OSHA were involved in recommending and setting regulatory reuitements
to control occupational expesure to bloodborne pathogens.



Centers for Disease Control and Prevention: In 1983, the CDC published a report titled “Guide-
lines for Isolation Precautions in Hospitals”” One section of this document (“Blood and Body Fluid
Precautions™) recommended that blood and bedy fluid precautions be taken when a patient was known
or suspected to be infected with bloodborne pathogens.

The CDC later published a report titled “Recommendations for Prevention of HIV Transmission in
Health-Care Settings.” This 1987 report, in contrast with the 1983 document, recommended that blood
and body fluid precautions be consistently taken for all patients regardless of their bloodbome infection
status. This extension of blood and body fluid precautions to all patients is referred to as “Universal
Blood and Body Fluid Precautions” or “Universal Precautions.” Under Universal Precautions, the blood
and certain body flvids of all patients are considered 1o be potentially infectious for HTV, the hepatitis B
virus, and other bloodborne pathogens. )

In July of 1991, the CDC released “Recommendations for Preventing Transmission of HIV and HBY
to Patients During Exposure-Prone Invasive Procedures.””® These recommendations were developed to
update the CDC’s previous recommendations for prevention of HIV and HBV transmission in health
care settings. According to the recommendations, as long as the health care worker adheres to appropri-
ate infection control procedures, the risk of transmitting HBV from an infected health care worker to a
patient is small, and the risk of transmitting HIV is likely to be even smaller. However, according to the
recomimendations, the likelihood of exposure of the patient to a health care worker’s blood is greater for
certain procedures designated as “exposure-prone.” Thus, health care workers who perform exposure-
prone procedures should know their HBV and HIV status. Health care workers who are infected with
HIV or HBV should not perform exposure-prone procecdures unless they notify prospective patients of
their seropositivity and have sought counsel from an expert review panel and have been advised under
what circumstances, if any, they may continue to perform these procedures.

The CDC recommendations do not call for mandatory testing of health care workers for HIV or HBV.
The CDC believes the current assessment of the risk that health care workers will transmit HIV or HBV
to patients during exposure-prone procedures does not support the diversion of resources required to
implement mandatory testing programs.

Occupational Safety and Health Administration: In 1983, OSHA issued a set of voluntary guide-
lines designed to reduce the risk of occupational exposure to the hepatitis B virus. These guidelines were
sent to health care employers throughont the United States. In November of 1987, OSHA published an
“Advanced Notice of Proposed Rulemaking™ announcing the initiation of the rulemaking process to
develop a standard for protecting employees from HBV and HIV. ’

In December of 1991, OSHA issved its final standard to protect workers from bloodborne pathogens,
This standard represented OSHA's first regulation of occupational exposure to biological hazards. The
following is a summary of the key provisions of the final bloodborne pathogens standard as it applies to
each employer having employees with occupational exposure to blood or other potentially infectious
materials:®®

Exposure Control Plan: BEach employer must develop a written exposure control plan to eliminate or
minimize employee exposure to bloodborne pathogens. The plan must include an exposure determina-
tion to identify potentially exposed employees, The pian should also include a schedule and method for
implementing other provisions of the standard, such as hepatitis B vaccination, post-exposure evalua-
tion and follow-up, communication of hazards to employees, and record keeping. See Appendix V —
“Example of a Generic Bloodborne Pathogens Written Exposure Control Plan” — which should be used
only as a guide to design a site-specific control plan.

Methods of Compliance: Engineering and work practice controls are designated as the primary means
of eliminating or minimizing employee exposures. The standard defines engineering controls as “con-
trols that isolate or remove the bloodborne pathogens hazard from the workplace.”-Also, Universal
Precantions, which prevent contact with blood or other potentially infectious materials, are mandated by
the standard.

Housekeeping: Employers must ensure that the work site is clean and sanitary. All equipment and
surfaces must be cleaned and decontaminated after contact with blood or other potentially infectious
materials.

Hepatitis B Vaccination: Employers must make the hepatitis B vaccination available at no cost to

na*qﬁ_qnuh_ngas_ub Huazar ‘ Zu
ds to m-nnm_gwumﬁh Watning —N-OGHW are uOQG—HOQ. on all contamnes s of re ated
s g s 3 ners
waste nom: erators ..MH.—@ freezers contaming U—OOQ or Oﬂ—uﬂn =—mﬂﬂﬂor~m nﬂum.ﬁﬂc,m.mw m:& other containe!
Em& to store, frat .wmvom_. or m:h@ .wvaOn— or Gn.__..pﬂn uDﬁ.ﬂﬂnuOEm Bmﬂﬂﬂwﬂm.
4
En..w.a_ mation ﬂ:b«. Training: All OnmuﬂMOv ees v ith Onﬂﬁ_ﬁﬂﬁoﬂuﬁ— W%ﬁOmGHO must P

am i i initial assi
Tuax ?oiaoa at no charge. Training must be provided at the time of i
pro|

annually thereafter.
Record Keeping: Each mBE.owmn nEm.ﬁ t
social security number; hepatitis B vaccinatl

articipate in a training
gnment and at least

records that include: name;

i maintal ee medical
S g tests, and follow-ups.

on status; and results of examinations,

D. Tuberculosis
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sliminate them from the body. In the United States, oniy about 5% of newly infected individuals EE‘ ;

fevelop TB within the first few years following infection. The remaining 95% usually are not even
aware they have been infected.®" In these individuals, at any time in the future if the M. tuberculosis
avercomes the body’s immune system, active TB can occur. ’

According to the American Medical Association (AMA), about 70% of infections TB cases occur

among racial and ethnic minorities.® About 10% of those infected will develop active TB at some time
in their lives. ,

TB is not evenly distributed throughout all segments of the U.S. population. Groups known to have 2
high incidence include blacks, Asian and Pacific Islanders, American Indians and Alaskan Natives,
Hisparics, current or past prison inmates, alcoholics, intravenous (IV) drug users, the elderty, foreign-
born persons from areas of the world having a high prevalence of TB, and individuals living in the same
household as members of these groups.©®®

Because the probability that a susceptible person will become infected depends largely on the concen-
tration of infectious droplet nuclei in the air, it is obvious that social conditions such as overcrowding in
homes or correctional facilities plays a large role in transmission. Also, individuals who are not healthy
and have a weakened immune system will be more likely to develop the disease. In HIV-infected indi-
viduals, for example, the immune system is suppressed and will be unable to fight the spread of tabercle
bacilli. The HIV-infected individual therefore is at a greater risk of developing and transmitting TB.

From an occupational health standpoint, TB transmission is widely recognized as a high risk to per-
sonnel who work in health care settings such as nursing homes and hospitals. The magnitude of risk to
the health care worker varies considerably by type of health care setting, patient population served, job
category, and the area of the facility in which a person works. Workers in the correctional facilities are
also recognized to be at high risk.

5. Preventing Occupational Transmission of Tubercuolosis

The transmission of TB can be minimized or prevented in the workplace if a blend of appropriate control
methods are effectively implemented. There are three types of control methods for minimizing TB trans-
mission: administrative controls, engineering controls, and work practices including appropriate per-
sonal protective equipment (PPE). Each of these control methods and how they apply to the health care
setting is discussed below.

Administrative Controls

Early identification (diagnosis) of patients with TB infection or active TB is critical in the health care
setting. Once identified, appropriate precautions can be taken. For example, these patients can be put
into patient isolation rooms with special ventilation systems that prevent the buildup or spread of droplet
nuclei containing M. tuberculosis; thetefore, hospisals with high risk patient populaticns should mBEn.
ment systems to identify these patients as quickly as possible.

As mentioned above, ventilation can be used as an effective method to control TB transmission. Both
tocal exhaust ventilation and general dilution ventilation can be used. Continuously recirculating air in
a patient room occupied by a TB-infected patient may result in an accumulation or concentration of
infectious droplet nuclei. Dilution ventilation reduces this concentration of contaminants by introducing
“fresh™ air that does not contain the contaminants. :

In patient rooms, it is recommended that air be removed from the room by exhaust directly to the
outside of the building. Air supply into the patient room is then provided with air that does not contain
the contaminants. In general use areas such as emergency, restment, and waiting reoms, recirculated air
is an alternative to using large percentages of fresh outside air.

If air is recirculated, care must be tzken to ensure infection is not transmitted in the process. To
prevent this, high-efficiency particulate air (HEPA) filters can be used. HEPA filters remove at least
90.97% of airborne particles larger than 0.3 microns in diameter; theoretically, they should remove
infertians dronlet nuelel 89 Local exhaust ventilation can be used as a source control technique that
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maintaining continuous negative pressure can effectively control M. tuberculosis spread during sputum
induction procedures.

Germicidal ultraviolet (UV) lamps can also be used to prevent TB transmission; however, their effec-
tiveness remains controversial. UV lights canbe installed into air supply ductwork as an air disinfection
system or more rarely instailed into work environments where employees wear proper personal protec-
tive equipment to protect them from the adverse effects of UV radiation.

Specific work practices that include the wearing of various types of PPE should be used by the health
care worker to prevent transmission of TB. Surgical masks, respirators, and Universal Precautions bar-
rier equipment are effective in accornplishing this. Because TB is transmitted primarily through the air,
surgical masks and respirators are most important.

Standard surgical masks provide protection as a shield against sprayed droplets generated directly
from coughing and sneezing, but they generally are not as effective in preventing inhalation of droplet
nuclei (floating jn air) because of their inability to provide a tight seal to the face. The CDC recommends
the use of disposable particulate respirators that can better filter droplet nuclei in the 1-5 micron range.
Appropriate fit testing for these particulate respirators is also recommended by the CDC.

In 1992, the Naticnal Institute for Occupational Safety and Health recommended that NIOSH-certi-
fied, powered, half-mask respirators equipped with HEPA filters be used in conjunction with an effec-
tive respiratory program.®” These powered, air-purifying respirators (PAPRs) are recommended for
certain hazardous locations and procedures such as sputum induction {induced patient coughing). It {s
yetto be scientifically determined which of these respirators is most appropriate and effective for health
care workers.

E. Sampling Methods for Viable Microorganisms

1. Imntroduction

Sampling methods for the collection and evalvation of biohazards parallel those methods already used
in the industrial hygiene field with one primary distinetion: the biohazard may be a viable organism. As
is the situation when sampling for physical or chemical substances, proper evaluation of the hazard
depends on minimizing sample loss between collection and evaluation stages. Nonviable materials re-
quire physical or chemical stabilization to maintain their identity for evaluation purposes. Viable organ-
isms, however, must be collected so that the viability of the organism is sustained for evaluation pur-
poses. The emphasis of the methods and procedures discussed below will concentrate on sampling for
viable microorganisms.

Sampling methods for microorganisms can be categorized on the basis of the substrate being sampled
and the purpose of the sample collection. Substrates that can be sampled include liquids, surfaces, and
the air, Microbial sampling is useful for infection control, clean room verification, product guality as-
sessment, or to assess environmental quality relative to perceived or actual health risk. The methods,
procedures, and types of instrumentation indicated below wili give the industrial hygienist a reference
point from which to begin an investigation.

2. Sampling of Liquids and Fluids

Liquids that can be sampled for biological growth range from sewage treatment piant effluents, indus-
trial waste water, food processing waste water, hospital and clinical laboratory wastes to cooling tower
warers and industrial fluids from metal-working coolants and engine lubricating oils to industrial pro-
cess waters.

In most cases, the easiest methed of collecting a sample of the liquid for analysis is to obtain a
representative sample in 2 sterilized container. Commercial devices are available for sampling from
large bodies of water such as lagoons and ponds; examples are the Kemmerer sampler, the van Dom
sampler, and the Nasen bottle. These devices allow for sampling at 2 desired depth within the body of
water. On a continuous flow system or pipe system, rubber diaphragms can be mounted from which a
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liquid sample. Sampling protocols and descriptions of sampling devices can be found in limnology
textbooks or the APHA’s Standard Methods for the Examination of Water and Wastewater.®®

Membrane filters can also be used for sampling fluids. This method is particularly effective for
gquantitation of micreorganisms present at very low densities where large volumes of liquid must be
sampled.¢™ The filter membrane can be placed directly on a nutrient medium and incubated. If the
concentration is high, the microorganisms can be eluted from the membrane, diluted in media, and
placed on nutrient medium for analysis.

Recent advances in the detection of microorganisms in industrizl fluids include the development of
commercially available dip slides. A slide with prepared medium is dipped into the fluid, placed back in
its container, incubated at an appropriate noBmmEEﬁm for a prescribed time and the results compared to
a calibration chart. Advantages of this method are: 1) it is easy to use; 2) it is accurate and semi-quanti-
tative; and 3) it allows colonies to form directty on the slide. However, low levels («10° CFU/mL)* of
microbial contamination are not regularly detectable. One device of this type — Basicult® (manufac-
tured by Orion Diagnostica) — has slides that will detect aerobic bacteria, contamination by yeasts and
fungi, coliform bacterial growth, and 2 tube test that shows contamination due to anaerobic sulphide-
generating bacteria.

Regardless of the type of collection device used, the sample conditions at the collection point should be
maintained as closely as possible during transport of the bulk sample for analysis. Changes in environmen-
tal parameters (such as light, temperature, or relative humidity) can have a detrimental effect on the viabil-
ity of the sample microorganisms. Liquid samples are the easiest type to secure and transport for analysis;
however, as a general rule all microbiclogical samples should be analyzed as soon as possible.

3. Sampling Surfaces

Sampling of surfaces has evolved from early concerns about the spread of viral and bacterial infections
from multiple-use eating utensils and the search for reservoirs of epidemic causing organisms in health
care institutions to current uses such as the evaluation of laminar flow clean rooms. During the 1930s,
the swab-rinse, the rinse, and the agar contact methods were developed for the measurement of contami-
nation on utensils. These techniques were applied in other areas such as food, dairy and medical micro-
biology.

As new problems arose, modifications of the basic techniques were made for specific problems. The
principal factors that influence the selection of a particular technique are: 1) the type and chemical
composition of the surfaces; 2} the expected levels and types of contamination; and 3) the objective of
the sampling test. Some tests are designed only to provide an index of sanitation; others are concerned
with precise quantitation of microorganisms on surfaces.

There are five basic methods for enumerating microorganisms on surfaces: the swab-rinse; the rinse;
the agar contact; direct-surface agar plating; and vacuum sampling. Several other methods described in
the literature are modifications of these techniques.

wab-Rinse Method

Early developments of this method consisted of moistening a sterile cotton swab with sterile diluent and
rubbing the swab over the test surface. The top of the swab is then aseptically placed into a tube contain-
ing a sterile diluent and shaken, and the rinse fluid plated on an appropriate culture medium. Although
this technique is widely used, it has several disadvantages. There is a poor correlation between the
amount of microbial contamination present and that recovered by different investigators. This is par-
tially because different types of soil or dust to which microorganisms adhere are removed at different
rates depending on the chemical and physical properties of the surface and the diluent used to moisten
the swab. Also, individual techniques vary with respect to speed and pressure. Elution from the cotton
may be incomplete, reducing the actual count. Substitution of other types of swab materials (such as
synthetic fibers) has been investigated and found to give better results than cotton wool.®*

t on the surface of a solid cutiure medium which s visible 1o the naked

Swabs composed of calcium alginate wool have beent used for md&mnm sampling. ,ﬁmwnmﬁo swabs can
be dissolved in Ringer’s solution or a sodium hexametaphosphate woyﬁccm__ thus M,RoSm the entrapped
microorganisms. There is sorme evidence, however, thai an Emmmw,.ﬁ. swab is not as n.&.mo_asﬁ asa nmﬂos
swab in picking up organisms“® and that the alginate may be inhibitory to some microorganisms.

In some situations, a surface can be swabbed with a moist cotton swab and then rubbed over the
surface of an agar medium. This technique is used for making gross mmmamﬁn.m of surface contaminants or
detecting the presence of one type of microorganism using a selective n.mmnEB.. o »
Although the swab tinse method is simple and easy to use, because of its semiquantitative nature, itis
best used as a field test that provides an estimate of contamination rather than as a precise laboratory
technique for measuring surface contamination. ) :

A modification of the swab-rinse technique vses 4 sterile velvet pad in place of a cotton swab. ..En
velvet pad is of standard size and shape. After sampling by imprinting on a_.m test surface, nﬂ pad is
either imprinted onto blood agar of other suitable medium (Velvet Pad H:._mna — VPL .H,nn.zEncov or
wransferced to a sterile solution for rinsing (Velvet Pad Rinse — VPR Technigue). A comparison of H.FU
two methods showed the VPR technique to improve bacterial recovery by as muchasa mmmnoﬂ of 20, with
both samples secured in the same manner. Also, VPR was evaluated and found to yield a constant
recovery rate of bacteria of 93% when rinsed in szline solutions.“?

Rinse Sampling
In rinse sampling, the contaminated surface is immetsed ina m.ﬁnmﬁ flnid that is either BmE.EE or
mechanically agitated to detach microorganisms. The rinse technique 18 more accurate and precise than
the swab method because the entire surface is sampled. This limits the sampling to mEpFﬁmmw or ob-
jects. However, one method of sampling surface contamination levels uses wﬁ.wimmw steel strips of known
dimension which, after exposure, are placed in bottles containing a 1% sterile peptone water .E.a_ ww,?
jected to ultrasonic energy or mechanical agitation. The rinse flvid is ns..wu u.uwnom on agar medipm.©
This technique has been used primarily to measure surface contamination 10 spacecraft .mmwma&_v.
areas and in laminar flow clean robms used for the assembly and test of space hardware Bnc:n.a to be
sterilized by dry heat The stainless steel collecting technique was shown ﬁ.o be a more sensitive and
relizble method for assessing airborne microbial contamination in an industria] clean room than the use
of volumetric air samples. ™! . .
There have also been studies to determine the level of microbial nosnmﬂanmmon. present in hospital
carpeting.#® One method involved a modified rinse technique that oc.aw;a of cutting plugs out of the
carpet, placing them in sterile fluid, and eluting the contaminants with a homogenizer or Enmm.ocun_
energy. Rinse sampling has been applied to coliuring bacteria from bands to search for Emm_.é:.m of
epidemic-causing bacteria and as a surveillance technique to evaluate general levels of o_nwa._nnmm.
The most efficient method for sampling the hands involves inserting the hands to the wrist 1n ._.ncmn
sterilized polyethylene bags (e.g., Ziploc® storage bags sterilized with ethylene oxide) noEmES.m a
known volume of sterile sampling solution. After inserting the hand, the subject holds the bag opening
around the wrist. The hand is then rubbed around the wall of the bag to agitate wna dislodge z._«.u micro-
organisms on the hand surface. The fluid is then assayed for ooEwBSmmm,P This Boa.._oa permits satis-
factory quantitation and identification of surface organisms and of a variable proportion of subsurface

organisms.

Agar Contact Samplin. Method

There are many modifications of the agar contact technique, but most are cmm& on the same E.EQE.F. A
nutrient agar is pressed against the surface to be examined, removed, and Eo@mﬁﬁ. The most widely
used container for this purpose is the commercially available Replicate Organistm Direct Agar no::.ﬁn
(RODAC) plate. Sterile RODAC plates are designed so that the bottom part of the plate can be filled with
agar, resultingina saised surface of culture mediurm for contact with the surface to be sampled. The top

part of the plate fits over the bottorm part without touching the agar En.moﬂ )
Dilution of the sample is not possible, limiting the method to surfaces with H”Qm.csu_« low ::a.&oa of
contaminants. The presence of molds or spreading colonies sometimes makes it difficult to o.aSE accu-
o stoed ic enast neefil for sampling flat, smooth surfaces. Although accuracy 18 rela-




y low, the precision of the method is high. It is an excellent method for field studies because of its
slicity and portahility.

ne modification of the contact agar method uses a sterilized 20- or 50-mL. syringe cut off at the
lie end to expose the whole of the internal diameter.“® The syringe is then “loaded” with agar, the
is allowed to solidify, and as needed a suitable amount of pressure is applied to expet about half an
of agar medium directly to the surface to be sampled. Using a sterilized knife, a disc of the culture
ium is then cut off and placed in a sterile Petri dish which can be incubated without further handling.
terilized adhesive tape can also be used to collect surface samples. After sampling by pressing the
to the test surface, the tape can either be stained and examined microscopically or placed in a small
i dish and covered with agar for culturing. )

more recent study reported on a method for quantitating the number of bacteria on a moist surface
., body tissue) by using a membrane filter contact technique. The sterile filter is applied directly to
moist surface to be sampled. Bacteria are presumably adsorbed onto the filter and trapped in its
rstitial spaces. Depending on the specific surface blotting might make it easier to recover microor-
sms. The membrane filter with trapped bacteria is then placed on a nutrient medium for culture and
stitation. This method, using a 5-itm membrane filter, recovered significantly more bacteria from
-aminated surfaces than the RODAC plates, velvet pads, or smaller pore membrane filters.*?

:ct-Surface Agar Platin

robial contaminants.on surfaces can be demonstrated on site by the direct surface agar plate methed.
ile agar medium is poured on the surface area to be sampled and left to sclidify, the agar being
ected from contamination by a suitable cover. After incubation, the colenies at the agar surface
rface are counted. A modification involves placing a small surface in a sterile Petri dish and o<n.1£?
it with an agar medium.

5 a laboratery tool, the technique is accurate in enumerating surface contaminants. Field application
mited because most surfaces of interest are fixed and difficult to incubate at proper temperatures.
3, it cannot be used on surfaces containing residual amounts of bactericidal or bacteriostatic chemi-
that would inhibit the growth of microorganisms. .

Inder conditions of normal incubation for a given type of microorganism, colonies may coalescence
:n microbial contamnination is high, precluding use of the method with relatively dirty surfaces. .

'

uum Probe Surface Samplin,

vacuum probe surface sampler consists of a piece of Teflon® tubing with a critical orifice connected

conical aluminum chamber. A sterile membrane filter is located at the end of the chamber. Under
1urm, particles on the surface are removed and impinged on the filter. The filter is removed, overlaid
1 a nutrient medium, incubated, and bacterial colonies counted. Evaluation of this method demon-
ted that the probe proved to be an effective sampling device, removing 98% and Rnae.na.:m 88% of
surface contamination resulting from the accumulation of airborne microorganisms.® .
vhen compared directly to the swab-rinse technique, the vacuum probe recovered twice as many
roorganisms. This technique is suitable for sampling larger surface areas where the level of micro-

contamination is relatively low and where data from small areas cannot be reliably extrapolated,
1 as in laminar flow clean rooms. ,
\{l of the assay procedures described above depend on the Es_mummmnos of microorganisms to form
atable colonies on a nutrient medium. For this reason, if information is required on the number of
roorganisms on a surface, the bacterial clumps must be broken up for assay. On the other hand, if
v the mumber of particles bearing viable organisms is required,  different technique must be used.
‘actors that must be considered when selecting an assay procedure include the number apd type of
roorganisms present on the surface, the nature of the surface, and whether a bactericide is present. To
1plicate matters further, there is no one incubation condition for which all microorganisms will grow
idly enough to be countable after a relatively short incubation pericd. No ene assay procedure can
1pletely characterize the microbial contamination on a surface. It is only when all of the factors are
sidered that one can judiciously select one or more techniques necessary to assess surface contami-
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4. Sampling Airborne Microorganisms

Bioaerosols are airborne particles, large molecules, or volatile compounds that are living or released
from a living organism.®® There are numerous reasons for sampling airbome microorganisms. Sam-
pling may aid in establishing the cause and mechanism by which infectious diseases are spread; identi-
fying the potential for biological contamination and containment in the pharmaceutical, food producing,
and brewing industries; and evaluating indoor air quality problems when microbials are suspected as the
cause of infectious, allergenic or toxigenic disease(s). Guidelines published by ASTM and the American
Conference of Govemnmental Industrial Hygienists (ACGIH) complement this manual.

Ideally, sampling of bivaerosols should be evaluated in the context of 2 continuum; each result is
viewed in the context of prévious results at that location. Long-term trends in numbers and change in
flora can indicate subtle changes or problems for an environment and, for a given sample, unusual
numbers or species might indicate more acute problems. This strategy is applied more easily in a manu-
facturing (e.g., biotechnology) envircnment than for assessment of indoor air quality. Within the manu-
facturing environment, “alert” or “action” levels can be established based on normal operating condi-
tions. These levels, derived from historical data obtained in each manufacturing environment, serve as
guides to implement corrective action. There are no action levels or standards for indoor air, and caution
is urged when using bioaerosol sampling results as a basis for remedial action.

The limitations of sampting for bicaerosols must be understood to interpret laboratary resulis. Bioaerosol
contarination of indoor environments may occur as discrete, discontinuous, nonhomogeneous, dynamic
events. Without a well-designed sampling strategy, it is unlikely that bicaerosol sampling will adequately
characterize the environment. In designing a sampling strategy the following issues should be addressed:

» The goal of air sampling must be clearly defined (e.g., outbreak investigation, periodic surveillance);
Competent personnel must design and supervise the sampling strategy;

« Equipment must be calibrated properly and a written protocol made available for its use;

+ Appropriate controls must be included in a sampling program;

- A sample site-selection strategy must be developed and justified; and

« The number and frequency of samples justified.

Even with a well-designed sampling strategy, other conditions might limit the interpretation of
biozerosal samples. First, conditions at the time of sampling may be different than when the problem
occurred: second, the delay in receiving results form traditional test methods (e.g., incubation of culture
plates) may no longer apply to current conditions. Furthermore, for environments with low levels of
microorganisms, representative data is difficult to obtain because of limitations in the volume of air
sampled and the number of samples collected. The Hmit of detection of the test methods must be consid-
ered when zero counts are obtained. :

Presuming that a well-designed sampling strategy is in place, one must also be aware that the analyti-
cal Limitations will not allow the detection of all viable microbes, including:

« media selectivity;
+ coleny overlap (high concentration) ot antagonism;
= sampling technique;
« CFU vs. total number of reproductive units; and
« laboratory capability and quality assurance
Each of the sampling methods described have limitations and currently there is no single sampling
method that will allow the complete characterization of an environment.

5. Sampling Equipment
Bioaerosol samplers can be placed into three generzl categories: inertial impactors; filtration devices;
and gravity samplers, Electrostatic precipitators rarely are used to collect biological agents.

Inertial Collectors
With this tvpe of sampler, use is made of the knowledge that particles moving in an airstream have a




paction, or when using a liquid to be trapped by impingement. The inertia of the patticles depends on
dr size and weight, and knowledge of these facts is used to design samplers.

ttling Plates

wtling plates are the simplest form of biological sampler. They usually consist of open Petri dishes
ntaining nutrient agar onto which particles will settle because of gravity.

Tncubation of the plate witl produce colonies corresponding to the biological organisms present in the
tosol or on the particles. This method is best-suited for conditions of still air since only large particles are
le to overcome the buoyancy of the air medium. Smaller particles, especially those less than 3 im, settle
ry slowly and are not easfly detectable by this method, The agar settling plate method can yield only
alitative information on the air in an environment, and if the number of microorganisms in a specific
lurne of aitisto be quantified accurately the total airflow through the sampling device must be measured.
ttling plates as a whole provide poor data and are not tecommended for bioaerosol sampling.

1pingers

1e all-glass impinger (AGI) functions essentially by bubbling air at high velocity through an isotonic

llecting fluid. After collection, the fluid is diluted and portions are either plated or passed through a

ambrane filter, which is then placed on a suitable agar mediem and incubated.

The impinger has a small jet or slit through which air is drawn, increasing the inertial velocity of
rticles in the air moving through it. The jet or slit acts 2s a limiting orifice and, provided a pressure
op greater than 41 cm of mercury is maintained across the orifice, it will operate at a constant flow rate

12.5 liters per minute (L/min), which approximates the human respiratory rate.

By plating the sampling fluid onto different media and by suitable dilution techniques, this method
1 accommodate extreme ranges and variations of airborne concentrations. The glass impinger is easily
»aned and sterilized. The accuracy of the impinger in quantitating aerosol containing bacteria has been
monstrated to be lower than impaction methods inexperiments in which the bacteria are largely single
1l particles.®?

When bacteria are carried as aggregates, impinger samplers tend to give higher bacterial counts due to
e breakup of bacterial clusters. Also, liquid impingers demonstrate a higher variability than agar sam-
ers because of analytical errors associated with plating out the samples. A recent study also indicates
2 detrimental effect of impinged bacterial cell survivai on exposure (o sunlight ©8
Those studying cutdoor aerosols should be aware that the use of transparent sampling devices such as
& AGT will result in lower bacterial densities than those obtained with sampling devices that protect the
juid from sunlight. Sampling time of the AGI should be limited due to rapid evaporation of the sam-
ing fluid. Also, because of its high impinger velocity, some sensitive organisms might not survive
ection. If materials such as surfactants and antifoam are added to the collecting fluid, care should be
ken to determine whether the microorganism being cellected can survive these materials. Since fungal
wores are hydrophobic, a filter may be placed between the impinger and pump to trap spores that are not
ilected in the fluid.

npaction Samplers

1ese samplers operate on the principle of agar impaction, where the acceleration of air through cne or more
uatl openings is followed by the deposition of airbame viable particles onto 2 nutrient surface. The number
*CFUs collected in a certain volume of air can then be determined by means of a simple colony count.

lit Samplers

: the slit-to-agar sampler, air is pulled through a fixed slit ento the surface of a nutrient agar in a Petri
sh, which is rotated at some predetermined speed so the microorganisms are distributed over the
irface of the medium. Although maost samplers have variable flow rate controls, recommended rate of
3.3 L/min (1 ¢fm) is used most often. The agar plate rotation speed is also variable, which allows for
¢ collection of both low or high concenirations of microorganisms (i.e., lower rotational speed and

oved, incubated, and the colonies counted. A num-
ailable. One potential advantage of a slit-to-
Jconcentration plots can be developed giving temporal Smoudmﬂmo: u&o,.wnﬂ H.o
or equipment failure, as needed; however, no size selection is

After the sample is collected, the agar plate is rem
ber of commercial varieties of slit-to-agar samplers are avi

agar sampler is that time
barrier breakthrough, containment release,

i ith these samplers.
m<ﬂwwwww<ﬁmwdw slit mmawpna use flow rates of about 1000 L/min. These types of mwn.ﬁmoﬂm are useful mom
sampling extremely low concentrations where large <o€38 must .wum.oo:wnnoa. Air is drawn Sﬁcw
multiple slits and the particles are impacted on a rotating disc. Liquid is pumped onto E.o center 0 the
¢ outward across the disc surface, forming a thin film

disc. The spinning dise causes the liquid te mov i .
nﬁn nonﬁmm the deposited particies, which are collected at the edge of the disc. A modified sampler

contains a device for the metered addition of sterile, distilled water © replace that lost due to evaporation
during sampling.®? - ) .

Depending on the temperature and relative humidity, evaporation can result in as much as a ﬁr_..m.omoa
concentration of the collecting fiuid. This concentration effect can m%ﬂ.mm@ Eumm.nﬂ the viability of
aerosolized vegetative bacterial cells when certain high ionic strength-collecting mcﬁm are :.moa. These
devices tend to show a greater collection efficiency for larger particles (> 2.3 pm). With particies of 0.5

S 53
Lm, the collection efficiencies were demonstrated to be approximately 70%.5%

Cascade Impactors

The cascade impactor is used to collect aitborme ww&m_mm onto Bmﬂomoovn,m:maw or Eﬂomr ,:.ﬁ mva_w
is split into a series of progressively smaller particle size ranges by aooﬂmmﬁsm the mﬁma of the .QQ %ﬁ eac!

stage. Once the mass nedian size of the particies collected at mmn.m_ stage is w:o.ﬁ:.o_, .wﬁ::_:o , mea-
surements of the relative amounts collected on each m:mn\m:ﬁ. gives Ew mﬁm a_mﬁcnﬁmon om.ﬁ:w mva.Hm
tested, The particles impacted onto the slides/filter can, after mE.SEm staiting, be an.dBm@ a:dm& %M“:
a microscope or washed off and plated out onto 2 autrient medium for counting and identification. This

Jatter method may select for those organisms most resistant to the effects of environmental exposure.

Sieve Samplers

The sieve sampler consists of an aluminum container that holds 2 petri dish. The ooam?.w“ is fitted ,.EE
a cover whose inner edge is threaded to receive a sieve plate with 340 holes of a.n_am_ diameter a::w.a
equidistant from each other over the surface of the plate. The sieve plate can be adjusted toan mn_uﬁm:ﬁ._
ate height above the agar plate 10 maximize sampling efficiency. A m.oé rate of 28.3 C_n:.: is wzm:ﬁ_
through use of 2 flowmeter of critical orifice. Because of uwmé%mnon of the agar E.nQEE, sample
periods should not exceed 15-20 min. After sampling, the Petri plates are covered and incubated.

the sequential impaction cascade sieve volumetric sarn-
principle of cascade impaction to collect viable airborne

microorganisms and to separate the collected particulates based on particle mmmmw.ms wsnow&e %maoﬁnmcn
when one is concerned with respiratory tract penetration. Several of these devices are available commer-
| work on similar principles and design. The SICSVS consists of from 1 to 6

cially; however, they al . / s
m_E.ancB stages. Each stage has an ait inlet section that contains 200 or 400 orifices equidistant from each

other, The orifices are progressively smaller from top to gnﬂa stages and willimpact mmm.oo:onp progres-
sively smaller size particles from each stage On an agar medium placed under the successive mSmmm..
Constant airfiow is provided by either a limiting orifice or flowmetet. At a flow rate of 28.3 L/min the
6-stage sarapler will provide aerodynamic sizing of particies »,83 7.0 um and mco.ﬁ to o‘mME.:. ”_{o
stages of the sampler are often used 1o differentiate between ammvﬂum_uga and :o..s.mmEB.Em particle muwom.
The sampling time may vary from 5 min ta 60 min, anvmsa:.um on the quantity of airborne o_..mmn%aw
present. In those environments with high levels of B*Qoo_,mmﬂ.:mam. the mHOM<m must cn. corrected for
caincidence (the probability of more than one organism entenng Eo wmq.:m orifice and cm:ﬁ uwuocaoarum
a single entity). This is normally done using the procedure mn.;. positive hole no:do:ou.. M_y.“pom mw
approach to increasing the sampling range has been to homogenize the agar and Em:m by serial dilution;

£SO

Most commonly known as the Andersen Sampler,
pler (SICSVS)uses a series of sieve plates and the




The number of viable cells per particle may be estimated by collecting duplicate samples; the cell
count may be obtained by rinsing the collected material from each plate and filtering the contents.
Dividing the cell count by the particle count of the duplicate sample gives the average number of viable
cells per particle for each size category.®®

Air Centrifuge Samplers

Early air centrifuge samplers were a modification of the large industrial cyclones that are used for dust
removal. They remove particles from the air by centrifugal force, normatly onto the inner surface of a
rotating cone or onto the walls of the apparatus from which they are washed by a liguid. The liquid
sample is then analyzed for viable organisms. :

A more recent development (Biotest RCS, Folex-Biotest-Schleussner, Inc., Fairfield, NJ) incorpo-
rates into its operation the principles of centrifugation and agar impaction. Air is drawn toward an
impeller that is housed within an open, shallow drum, and is then accelerated by centrifugal force onto
the surface of a 34-cm? agar medium contained on a plastic strip. The strip is removed foliowing sample
collection, incubated, and microbial colonies counted.-

Recovery rates using this sampling device were significantly higher than a slit-to-agar sampler in a
variety of situations."™ The small size of the culture surface, however, allows overgrowth of organisms
if the RCS is used in areas where organisms are in high concentrations. Another major disadvantage is
that airflow calibration is not possible.

Filters

Filtration is probably the most commonly used means for particle sampling. By varying the type of
filter, its size and the length of sampling time, wide application of this technique is possible.

Iniertial filtration takes place in the fibrous type filter, in which the interstitial spaces are larger than the
particles and efficiency of filtration depends on contact between particles and filter fibers within the material.

Membrane-type filters retain pacticles by direct action when these are larger than the effective pore
size of the filter material. The plastic membranes are made of a variety of synthetic materials. Depending
on the type of filter used, pore sizes may range from 0.2 pm to 8 um.

Gelatin filters have also been used for sampling airborne microorganisms. When placed on agar the
gelatin dissolves, allowing the entrapped microorganisms to grow. The gelatin reduces the effects of
dehydration.

'The filter is placed in a filter holder, the holder attached to & pump or vacuzm source, and sample air
is drawn through the filter. Sample rates may vary from 5 to 50 L/min, but sample time is limited due to
dehydration of vegetative cells caused by the high valume of air passing through the filter. Following the
sample period, the filter is removed and assayed. Particles can be flushed from the filter, or the filter can
be covered with an appropriate nutrient medium and incubated. This method is limited, due to the
dehydrating effect, to sampling for spores and resistant vegetative cells. Also, the efficiency of elution
from the filter may be questionable.

A recent variation of the filter technique is the “Collection of Airborne Microorganisms on Nucleopore
Filter Estimation and Analysis (CAMNEA} Method.”®® This technique uses a polycarbonate filter with
a smooth surface and uniform pore size that allows more efficient enomeration of microorganisms. After
collection of the sample, the filter may either be rinsed and viable organisms counted or fixed in form-
aldehyde and stained in situ with acridine orange, then counted by fluorescence microscopy. The advan-
tage of the staining method is that both viable and nonviable organisms can be counted. Enumeration of
both viable and nonviable microorganisms may be a better indicator of the biclogical potency of a
microbiological aerosol, since viable counts — using filtration techniques — might underestimate the
actual concentration due to physical forces or desiccation at the filter surface.

Electrostatic and Thermal Precipitators

Although electrostatic forces play some part in some of the mechanical sampting devices (such as the large
volume sampler) in an electrostatic collector, this force is the only one used. Particles are given an electrical
charge by one of many ways. and the charged particles are collected by attraction to an electrode of oppo-

force in a temperature gradient and can be made to deposit onto a slide for microscopic examination. This
method is very efficient for the collection of submicron particles and for use with the electron microscope.
This method is not recommended for the recovery of viable biological particles.

6. Choosing a Sampling System

A list of samplers often used in sampling microbial aerosols is shown in Table XTi. When selecting a
sampler or samplers for use in a particular situation, it is imperative that the investigator determine a
priori the objective of sampling. This will require that a aumber of factors and questions are considered
before beginning a sampling program. Is the sampling being designed to measure the concentration of
all organisms present in the atmosphere? Are you searching for 2 particular organism or group of organ-
isms? Are the concentrations likely to be high or low? Is the number of particles or the number of cells
of primary importance?

Table Xli. Samplers Recommended for Collecting Viable Microbiological Aerosols and
Aeroallegens.” -

Recommended
Sampling Time:
Sampling for Yiable Applications
Sampler * Operation Rate (Uminj  Recovery {min) and Remarks
1. Slit or slit-to-agar Impaction oot 30-700 1-60,depending on model  Provides information on aerosol concentration

over ime, Avaitable with a single sfit or with
rrutiple sfits and variable rotation speeds.
Bulky; AC operation.

Postable, useful for making preliminary
estimates of asmsol concentratons. Flow rate
is not easily checked. Approxdmately 40% as
efficient as the slit impactor.

impactor agarina 10-cm and sampling situation
(ab—somemadels)  ora15cmplate

ona rotating surface

2, Sisve impactors:
a. single-slage, Impaction ontc agar 900ri80 055
portableimpactar (b} in a“rodac” plate

b. single-stage (N-8} Impaction onto agar 28 1-30 Appraximately as efficient as the slit impactor.
fmpactor (a,¢) ina 10-m piate Bulky; AC operation.
c. two-stage impactors  See2b above 2 1-3 See 2b above. Divides samples into respirable
(ac) and nonrespirable fractions.
4. four-stage and six- _ See2babove 28 1-30 See 2b abave. Provides information on particle
size distribution.

stage impactars (3,6}

e.personal cascade Impaction onto filters 2 < 60 with filters, 5-30 Eight stages avafiable. For viable recavery.
sampler is useful only in highty contaminated

impactor {a) oronto medizina
special tray envirenments.
3.Centrifugat sampler (o} mpacfion ontoagarin 407 a5 Sampleris small, portable, and useful for
plastic strips making preliminary estimates of aercsol
cancentration. Flow rate is not easily checked.
Does not collect particles below 3um
efficiently.
4. impingers: ) !
a. All-glassimpinger/  Impingementinto fiquid, 125 130 Cells on arin larger mmagmm are breken apart.
AGH30(2,5) jet 30 mm above Suitable for viral particle collection.
impaction surface
b. Allglassimpinger/  See 4aabove; 125 1-30 See 42 above. More vigorous impaction than
AGH fa,c) jet 4 mm above 4a above.
impaction surface
¢.Personalimpinger  Se¢4aabove 15 515 See 43 above, Provides information an
(a) personal exposures. Useful in highly
contaminated areas.
d. Multistageimpinger  Seedaabove 55 1-30 Provides infarmation on um&gm m_Nm.
{a) distribution. Throe stages with cut points of 27,

3, and 21 um. Limited availablity.




‘lters:
\.Cassette fitters (a)  Filtration 1-2 560 Some viable loss of microorganisms due {0
desiceation, Samplers are easily portable,
Inexpensive, and can be used for personal
monitoring. Usedul for collecting farge amounts
of aeroaltergens.
1. High-volume filters (a) Filtration 140-1400 560 See 5aabove.
iettling Surfaces:
1.Open Petri dish, Gravily setfling onte: — <240 Ceflection biased toward large
settiing plate agarin plates particies.
». Adhesive-coated Gravity settiing onto —_— =1 day, depending on See B3 above. Method used to collect
surface acoated suriace aerosal concentration aeroallergens for microseopic identification,
(e.0., glass microscope alsouseful for long-erm collection of hardy
slides) organisms orthose sultable for imimunoassay.
arge volume sampler  Combination of electre-  500-10,000  Unfimited with frash Celts on or in larger particles are broken apart.
[LVS} {a,c) static attraction and or recirculated eallection Lseful over a wide range of aerosol
impaction onto a fluid- fiuid concentrations. Coliection efficiency is 45%—
covered surface 90% thatef the AGI-30.
Cyclone serubbers (2)  Combinationofeyclone  75-1000 See 7 above Cells on orin larger particles aré broken apart.
action and impaction Uselul over a wide range of aefosol
ontoa fluid-covered coneentrations.
. surlace
mg_.m trap (a) Impaction and selting 10 24 hr{ontoa microscopic  Widely used outdoots for collecting fungal

Rotatingimpactor

s

Impacticn onto adhesive- ¢a. 120

coated, rotating surface

slide}, 7 days {onto 2
rotating drum)

Continuous or intermittent

spotes and pollen gratns for mieroscopic
identificafion.

See 9 abovs. Collection sfficiency of 70% for
particles 20-5Gum.

A= not applicabie

NE Requires 2 vacuum pump and flow control device, which might be avallatle from manufacturer,
¥{b} Seff-contained with built-in air mover. Flow rate must be checked.
£ {¢) Requires a vacuum pump with capacity for flow rate of 15 Limin at = 41 cm H.

s (latters appearing in parentheses):

*Sotifca; American Conference of Governmental Industrial Hygienists: Air Sampiing Instruments for Evaluation of

£ Atmospheric Contaminants, 7th Edition. Cincinnati, Ohio: ACGIH, 1989. Reprinted with permission.

b

‘oﬂ.‘

=1t he objective is to monitor for the presence of a low concentration of organisms, a large volume
wmpler should be used. If expected concentrations are very low, the sampling liquid might have to be
ecircutated through the sampler to obtain sufficient cells for assay or detection. A multistage sampler

E_m_wo give additional information on the particle size characteristics of the airborne cells, which can
w of considerable value.

1 The use of a slit sampler can give the most

useful information on time discrimination. Particle size

@R_.am:oz can be obtained best using a SICSV style sampler. These samplers collect relatively low
low rates, which might necessitate longer sample times. With care, however, these samplers can be vsed
yoth as a cell and particle collector, 2nd they can differentiate by particle size.

« Although any sampling device that can efficiently remove small particles from the air can yield mate-
m.& for examination, the objective is to obtain quantitative recovery of cells as much as possible in the
ame state of viability as they exist in the environment. Sampling devices that incorporate collection into
“liquid or onto a moist surface give the highest recovery efficiencies for viable organisms. The recovery
f organisms from systems involving collection on dry filters, in itself an efficient collecting system,
esults in low recovery of viable cells.

£ Another important factor in planning an air sampling program is the provision of an adequate vacuum
o operate the sampling equipment. Most sampling equipment needs a control device to meter the vol-
ime of air being sampled. This is accomplished best by means of a flowmeter or use of a critical orifice
JSsing a constant vacuum source.

Take care when sampling air suspected of containing microorganisms pathogenic to man or animals.
Depending on the efficiency of the collection system, the effluent from the pumps may contain small
numbers of viable cells, This effluent air should be passed through a satisfactory sterilizing system
before being discharged.
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3. Toxic Substances of
Biological Origin

A. Biogenic Toxins

1. Overview

Biogenic toxins include ail naturally occurring substances produced by plants, animals, and microor-
ganisms that when introduced info a host in sufficient levels might adversely affect the well-being of the
host. Bjogenic toxins include metabolites of living organisms, degradation products of nonliving organ-
isms, and those materials rendered toxic by the metabolic activity of microorganisms.

Such biogenic nonliving toxic material does not share the characteristic of self-replication seen for
viable organisms; however, it should be noted that the pathologic effects associated with many infec-
tious diseases arise from the generation of toxic materials by the infecting organism. Biogenic toxic
materials generated as part of an active infection are not considered in this discussion.

Biogenic toxins can cause acute toxic disease in addition to long-term genotoxic and carcinogenic
effects. Acute exposures may result in an intoxication or, if the host is sensitive, an immunologic re-
sponse, Depending on the dose, certain substances may cause both types of response. Sensitization
apparently requires exposure to relatively high concentrations of the antigen (toxin); however, after an
individual has become sensitized, much lower levels of the antigen can elicit the response. The response
to allergens is discussed in another chapter.

Characteristics of a toxicosis include:

« the disease is not transmissible;

« drug or antibiotic treatments have little or no effect on the disease;

+ the outbreak is usually associated with a specific product; and

» examination of the suspected product might reveal signs of biogenic (e.g., microbiological) activity.

Only the fourth characteristic would distinguish a toxicosis of biogenic origin from a nonbiogenic
toxicosis. ,

Many bacteria, fungi, and plants produce secondary metabolites that are toxic for species other than
humans. For the purpase of this discussion, however, only those biogenic components shown to be toxic
to humans will be considered.

Bacterial Toxins

Bacteria produce a mumber of metabolites shown to be toxic to man in addition to higher plants and
animals. These toxins historically have been categorized as either endotoxins or exotoxins. The term
“endotoxins’ is used to describe cellular components of bacteria that are not released or excreted except
at death (zutolysis) of the organism. Alse termed celi-associated toxins, endotoxins are typicalty found
in the cell wall of Gram-negative bacteria (GNB) and have distinct chemical composition and toxic
properties from bacterial exotoxins. A detailed discussion of endotoxin is included in this chapter as a
representative toxin associated with occupational exposure. N .

“Exotoxins” are cellular products excreted from viable organisms or released when an organism dis::.
integrates by autolysis. Occasionally, enzymes released from cells are considered exotoxins. =

Properties that distingnish hacterial exotoxins from endotoxins are shown in Table XIII. A characte

istic of importance to industrial hygiene is the protein nature of exotoxins. Proteinaceous material$ are

mnce sasity destroved or degraded than lipopolysaccharides; therefore, strategies for controlling €xi




Table XIV lists exotoxins produced by several species of bacteria and the type of action associated with
those toxins.

Table XIll. Comparison of Endotoxins and Exotoxins

Characteristic Endotoxin Exotoxin
Composition Lipopelysaccharide-protein complex Protain
Source Cell walls of Gram-negative bacteria (GNB) Mostly from Gram-paositive bacteria {GPB)
Effects on host Nonspecific; preduces fever Generally affects specific tissues; no fever
Thermostability Relatively heat-stable . Heat-labile; most are nactivated at

(may resist 120°C for1hy) 60°C 0 80°C
Toxoid* preparation for No Yas

immunization possible

4 modified protein toxin that is not toxic but still causes the preduction of antibodies.

Table XIV. Exctoxins Produced by Representative Toxigenic Bacteria Pathogenic to Man

Bacteria (Sp.) Toxin/Disease
Clostridium Botulism
Tetarius
Gas gangrens
Corynebacterium Diphtheria
Staphyfecoccus Pyogenic infections
Pyogenic infections and scarlet faver
Pasteurella Plague
Bordetella Whaeping cough
Shigella Dysentery

Algal Toxins

Blooms of blue-green algae (procaryctic phetosynthesizing bacteria) have been documented world-
wide. These blooms indicate nutrient input into fresh water systems, usually from the introduction of
agricultural tenoff or raw sewage. Although the impact of these blooms has focused on water quality
concerns, there have been reports of rashes and blisters of the skin, lips, and genitals in swimmers
exposed to toxic metabolites released from the cell or those contained in the whole cell. Blue-green algal
toxins are categorized as water soluble, temperature stable peptides. A variety of types have been de-
scribed from different species, including neurotoxins, hepatotoxins, and ¢ytotoxins.

Toxias from eucaryotic species of algae are reported to be poisenous to fish, waterfowl, mussels, and
clams — and subsequently to consumers {including humans) of these products. Saxitoxin, a neurotoxin
produced by the red tide algae (dinoflagellates), is associated with a disorder called paralytic shellfish
poisoning (PSP). PSP is considered a risk from consumption of shellfish harvesied from contaminated
waters. However, toxic metabolites from both the blue-green algae and the higher algal species are not
typically associated with occupational exposure.

Fungal Toxins

Within the broad group of organisms called fungi, which include both aguatic and terrestrial species, only the
terrestrial filamentous microfungi produce mycotoxins. The single-celled fungi called yeast do not produce
mycotoxins. Although the hazards associated with eating poisonous mushrooms dates to prehistory, only
recently have the hazards associated with certain filamentous fungi been recognized. Filamentous fungi may
act?as free living saprophytes or plant pathogens. There are several hundred different sauctural types of
myeatevine And pach of thees mav have 1n to 20 naturally occurring. closely related derivatives.

-
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Mycotoxins are low-molecular weight compounds found in a wide array of edible commodities, includ:
ing-beans, cereals, coconuts, milk, peanuts, sweet potatoes, and commercially prepared animal feeds. The
two considersd to be the “most irmportant,” however, are the aflatoxins and trichothecenes. These toxins are
produced by two species of Aspergillus (A. flavus and A. parasiticus) and selected species of Fusaritm
Basides their toxic effects, aflatoxins have been found to have carcinogenic properties.

Aflatoxins have been shown to be highly carcinogenic for a variety of species, and mmanB_oHomR
studies suggest an association between aflatoxin consumption and liver cancer.” It was further demon-
strated that men are more sensitive than women.® In addition to being a potential carcinogen, aflatoxins
are also acute toxins. Qutbreaks of epidemic jaundice involving severe liver disease and death have beer
reported in developing countries after consumption of contaminated grain products.

In the United States, acute liver toxicity was observed in animals fed grain contaminated with afla-
toxin, and though there has been no association with human toxicity, the potential for intoxication exists
in selected occupational environments. Two groups may be involved with occupational exposure: those
handling bulk agricultural commodities such as peanuts, cereals, and animal feeds, and those involved
in laboratory studies and analysis of aflatoxin. Studies suggest that exposures to aerosols of mﬁmﬁoﬁu
might be related to bronchial carcinoma, colon cancer, and liver cancer.”!

The trichothecenes were associated with outbreaks of alimentary toxic aleukia from the consumption of cm&u.
contaminated cereals in the former Soviet Union. At higher doses the toxin damages the bone marrow and
hematopoietic system and may be immunosuppressive, leading to an increased susceptibility to secondary infec-
tions. These mycotoxins are produced primarily by Fusarfum spp. and have accounted for the “yellow rain”

Toxigenic fungi are prolific and widespread in the air and soik throughout the world. Consequently
many field crops, stored products, and agricultural commodities may be contaminated. Occupational
exposures may occur in these environments. Most mycotoxins are not chemically labile, and many are
heat stable up to their meiting points. Both physical and chemical methods of decontamination have
been evaluated; some are currently being used to decontaminate agricultural commodities.

Plant Toxins

Some plants produce materials (secondary metabolites) that are resistant to plant pathogens. These sec-
ondary metabolites, of which more than 10,000 have been identified, are produced in specific tissues of
healthy plants and belong to various chemicel groups, including cinnamic acids, flavonoids, terpenoids,
alkaloids, cyanohydrins, quinones, saponins, unsaturated lactones, benzoxazinones, allyl sulfides, thio-
cyanates, and polyacetylenes.

Many of these secondary metabolites have demonstrated toxicity for man. The lectins, for example,
are among the most toxic substances known. Lectins are a class of proteins that bind to carbohydrates;
in this capacity, they agglutinate cells or precipitate polysaccharides and glycoproteins. Lectins are
polyvalent with at least two carbohydrate binding sites to allow cross-linking between cells.

Although the agglutination precipitation properties are similar to antibodies, lectins are different in
several aspects. They are found in plants, microorganisms, and viruses that do not synthesize immunoglo-
bulins. They are structurally diverse, varying in molecular size, amino acid composition, metal require-
ments, and three-dimensional structure. Though similar to enzymes, they are devoid of catalytic activity.
More recognizable plant toxins include those from the genus Rhus, which includes poison oak and ivy.

Animal Toxins

Various toxins are produced by higher species of animals. These toxins are typically associated with
bites and stings. Workers involved in outdoor jobs are at greatest risk.

2. Routes of Exposare

As with nonbiogenic toxins the primary route of exposure to biogenic toxin is by inhalation. Unlike
infectious agents or biogenic antigens, however, there is no amplification involved in the response to
biogenic toxins. In a susceptible host the amplification (reproduction) of infectious agents or the ampli-
fication of the response to an antigen (antibody formation) can result in disease. In this aspect, biogenic
toxins do not differ from ponbiogenic toxins. Biogenic toxins do differ from nonbiogenic toxins in that
the orowth of aroanisms that nroduce the toxin cannot he predicted.
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A major consideration for measuring biogenic toxins is selection of the analytical method. Toxic-
specific analysis or an appropriate surrogate must be identified to adequately assess the environment in
question. The same equipment used for collecting and assaying airborne dust and chemicals can be used
to collect airborne biogenic toxins.

Dermal exposure is also a route of exposure for biogenic toxins. The response to the toxin may be a
localized inflammatory response, such as one associated withmany plant toxins/allergens. A systemic
response through percutaneous penetration also is possible,

The third major route of exposure for biogenic toxins is ingestion. Fermentation has been a valuable

process in the production and preparation of different foods; however, the same characteristics that make -

foodstuffs a substrate for beneficial activity of nonpathogenic organisms make it a substrate for toxi-
genic organisms. Various organisms are associated with food intoxications, the most notable being “the
church pienic” (Staphylococeus sp. and Salmonella sp.) and botulism (Clostridium botulinum).

3. Workplace Occurrences

Workplace exposure to biogenic toxins can sceur in any indoor environment where there is extensive
growth of microorganisms — either deliberately or from contamination — or from outdoor jobs that
place workers in direct contact with plants, animals, or their products. Specific occupations at risk
include agricultural workers (both production and processing personnel); industries based on plant or
animal products (e.g., poultry processing or the natural fiber textile industry); industries based on gen-
eration of products from microorganisms {biotechnolo gy and fermentation); office workers in environ-
ments with indoor air contaminated by either fungi or bacteria; and outdoor jobs such as road mainte-
nance workers and migrant agricultural workers.

B. Endotoxin

1. Overview

Endctoxin makes up part of the cell envelope of Gram-negative bacteria. Since first implicated in occu-
pational disease in 1942, exposure to endotoxin has been demonstrated in a variety of work environ-
ments. Agricuitural workers and processors of vegetable fiber dust seem to be at greatest risk. Levels of
endotoxin in excess of 50 ng/m® have been reported in swine confinement buildings,™ grain storage
facilities,® poultry houses,™ cotton miils,™ and flax mills.® Other environments with risk include wood
chip processing and saw mills; animal handling facilities; vegetable fiber and grain handling and pro-
cessing; sewage treatment; humidified office buildings; and machining operations using natural and
synthetic cutting fluids.

Recent studies proposed thresholds for acute pulmonary toxicity in a range of 10-33 ng/m® and recom-
mended that consideration be given to limiting exposure to airbome endotoxin in work environments,
This recommendation was based on results demonstrating that measurement of airborne endotoxin was a
more reliable predictor of the acute ajrways response to cotton dust than measuring gravimetric dust,

2. Physicochemical Characteristics

A molecule of endetoxin consists of three components: a polysaccharide chain, a core polysaccharide,
ind a lipid moiety called “Lipid A.” The polysaccharide chain gives serological specificity to GNB as
he O Antigen” and is highly variable between different species of GNB. Most, if not all, of the toxicity
tssociated with endotoxins is associated with Lipid A0

The term “endotoxin® is often used interchangeably with lipopolysaccharide (LPS). They are not
iynonymous, however. LPS refers to the purified Lipid A and core-polysaccharide chain. Endotoxin
efers to the LPS plus various other cell wall constituents (e.g., Lipid A associated protein). The material
lescribed as endotoxin more accurately reflects what occurs in the work environment, The differences
1 the biological activity of endotoxin and LPS are in the bioavailability of the Lipid A and enhancement
f the activity of Lipid A by various cell wall constituents, (1112

Although Lipid A is a relatively constant factor with established toxic properties, endotoxin is a
ighly variable material with no consistency in its molecular arrangement in the environment. Herein
es one of the nroblems of relatine endntoxin tn snecific arcinatinnal dicancae

The biclogical activity of endotoxin doees not depend on bacterial viability. The molecule is active as
a cell wall fragment, a molecular aggregate, or as part of the intact cell wall of viable or dzad bacteria.
Traditional methods of sterilizing materials contaminated with microbes are inadequate for destroying
endotoxin. The method recommended for inactivation of endotoxin in the U.S. Pharmacopoeia (USP) is
n__..% heat treatment at 160°C-170°C for 2 to 4 hr. This treatment removes 99%—99.9% of the activity,

Other methods of inactivation include ethylene oxide and irradiation treatment. Ethylene oxide in the
presence of 50% humidity removed greater than 90% of the Limulus amoebocyte lysate .Q..,E.v and
pyrogenic activity; however, the treatment was not equally effective for all endotoxin preparations tested,
and it was ineffective at lower levels of humidity."* Inactivation with Cobalt 60 at 4.7 mrads destroyed
90% of the LAL activity. Endotoxin is a refractory molecule that maintains its activity for a broad range
of environmental and occupational conditions,

3. Biological Activities

Endotoxins have a wide range of biological activities involving inflammatory, hemodynamic, and im-
munological responses. Of most importance to occupational exposures are the-activities of endotoxin in
the lung. Asrosols of dust containing bacteria and bacterial fragments, as 'might be found in occupa-
tional dust, are of a size that can reach and be deposited at all levels of the respiratory tree.' Whole
bacteria have particle sizes of 1-3 pm, and fragments of GNB range down to molecular aggregates,
Endotoxins associated with particles deposited in the trachea afd large bronchi have only a minimal
biological effect because they are eliminated by mucociliary transport. However, in the distal lung, the
small bronchi, the bronchioles, and the alveoli, endotoxins can have substantial biological activity. The
first cell to respond to endotoxins in the distal lung is the alveolar macrophage. Endotoxin can activate
the macrophage, causing the cell to produce a host of cell-derived mediators.®® These chemical media-
tors can in turn interact with and cross the air-blood barrier where they recruit blood cells, polymorpho-
nuclear neutrophilic leukocytes (PMNs), and platelets, to the interstitium and stimulate resident cells of
the airways (such as mast cells) to release additional cellular mediators ~- resulting in a secondary
amplification of the response.

Clearly, endotoxin can have a major impact on the biology of the lung. At background levels of
exposure, the described responses protect the host by inactivating the endotoxin and responding physi-
ologically to handle the insult. Repeated exposare to levels of endotoxin not ordinarily encountered,
however, may overwhelm the body’s capacity to effectively detoxify or eliminate the endotoxin and
result in a clinical response.

Litrle is known clinically about the response to inhaled endotoxins. Exposure of naive subjects to
aitborne endetoxin can result in acute fever, dyspnea, coughing, and small reductions in FEV, (the
forced expiratory volume of air forcibly exbaled in the first second after a maximum inspiration).#
These symptoms parallel those found in workers or naive subjects exposed to cotton dust for the first
time. This initial response in the cotton textile worker is called “mill fever” On repeated exposure, the
symptoms become progressively milder and eventually disappear. They may reoccur if a worker is
absent for a prolonged period and then re-exposed.

Similar acute symptoms were documented in other environments, inclnding humidified office build-
ings," selected agricultural environments,”® and vegetable fiber-processing other than cotton.t™ Never-
theless, definitive studies relating symptoms in these environments to exposure to endotoxin are lacking.

The effects of repeated exposure 1o aerosols of endotoxins in humans are not known. Pathological
evaluation of the lungs of cotton textile workers exposed to high levels of endotoxin suggests that
chronic bronchitis, as characterized by goblet and bronchial cell hypertrophy, is the endpoint of expo-
sure to cotton dust and therefore possibly endotoxin.” No chronic exposure studies to aerosols of pure
endotoxins have been done, however,

One other area of clinical concern regarding exposure to endotoxin is the development of hyperreac-
tive airways. Bake et al. found that aerosols of endotoxin increased bronchial hyperreactivity in naive
subjects.™ Such increases in hyperreactivity have been demanstrated in workers™ and naive subjects®
exposed to cotton dust. Increased bronchial hyperreactivity may enhance the susceptibility of workers to
other toxic exposures; however, the role of this response in the pathogenicity of exposure to aerosols of
endotoxin is not known.




4. Measurement of Endotoxin

Before development of the Limuius amebocyte lysate test, the method for measuring endotoxin was the
rabbit pyrogenic test. Rabbits were injected with endotoxins and the increase in body temperature mea-
sured. wﬁﬁwocmu the test was sensitive (100 pg range), it was not possible to establish guidelines to maintain
a consistent sensitivity, primarily because of variability in the rabbit and endotoxin preparations.

In 1956, the effects of a bacterial infection in the horseshoe crab (Limuius fen) were described; both
living and heat-treated preparations of GNB caused intravascular coagulation and death of the crab.?"
The reaction was specific for GNB. Further studies in 1963 observed that the cell-free plasma of Limu-
Ius blood would not coagulate in the presence of endotoxin, but in the presence of cells called ameb-
ocytes the blood coaguiated.”? These studies concluded that the coagulation system was in the ameb-
ocytes and the rate of gelation depended on the endotoxin concentration.

Figure 1 illustrates the basis of the LAIL test. Amebocytes from the horseshoe crab are collected and
a lysate (LAL} prepared that contains the coagulation system. On exposure to endotoxin, an enzyme
n.ﬁnmam is activated, which results in the clotting. There is a direct relationship between the concentra-
tion of endotoxin and the rate of gelation, and either the endpoint (gelation) or rate of increase in
turbidity has been used for the basis of the test. The sensitivity of the gel-clot assay is approximately 10
pg/mL. This compares with a sensitivity in the rabbit test of 100 pg/mL.

Endotoxin
4
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(Gel-Clot Pracedure) {Chromogenic Procedurs)

Figure 3. Glotting Mechanism of LAL Procedure.

To perform the gel-clot test, samples or a control standard endotoxin are diluted with pyrogen-free
water or saline and mixed with the LAL. The preparation is incubated for a set period (usually 60 min)
and the gel read by inverting the tube. A positive test is indicated by a firm gel and the endpoint is
determined by comparisen to a standard endotoxin.

A mmno.nn assay based on clotting is the turbidimetric kinetic LAL assay, a modified turbidimetric proce-
dure that is quantitative over a continuous range.® In this assay, the LAL reagent is mixed with the sample
or standard and the light transmission measured at 670 nm. The wrbidity is a result of formation of a
visible, insoluble floc of coagulogen. At a constant time, the turbidity itself or its rate of development can
be measured. Advantages of this method over the gel-clot procedure include quantification over a continu-
ous range and some increased sensitivity, but it is no more reliable than the gel-clot method.

The third method for measuring endotoxin is the chromogenic assay. This assay is based on the
o_mwimmm of a chromophore from a synthetic peptide substrate by the clotting enzyme of LAL.®% The
activated LAL enzyme is specific for the chromophore-peptide bond. The intensity of the yellow color
of ﬁ.:m free chromophore (405 nm) is related directly to the amount of enzyme activated by the endo-
wxin. This method offers several advantages over the gel-clot procedure. It is faster and more sensitive
by at least tenfold, it quantifies over a continuous range, and it is relatively simple. It is more expensive
thra the gel-clot method, however, and may be subject to more interferences — a problem that may
occur frequetntly with environmental or occupational samnles. For routine analvses. the chifomogenic

*
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Before 1982, endotoxin measurements were reported in units of weight/volume (e.g., ng/mL or ng/mr’}
or weight/weight (ng/mg}. On Juoe 1, 1982, the U.S. Food and Drug Administration (Center for Drugs and
Biologics) began to require all manufacturers to label LAL preparations in Endotoxin Units (EUs). At that
time, 1 EU was defined as 0.2 ng of the U.S. Reference Standard Endotoxin (RSE), EC-2; therefore, the
comversion between ng and EU was a factor of 5 (0.2 ng/mL = | EU/mL). A second RSE, EC-5, has
replaced EC-2 and the conversion factor is approximately 10 EU/ng. This has led to some confusion
regarding the use of EUs, because different LALs have different sensitivities, Each LAL manufacturer
must [abel the sensitivity relative to a reference standard endotoxin (RSE-2 or RSE-5).

Tn doing endotoxin analysis, each laboratory must confirm the sensitivity of the LAL from the manufac-
trer, otherwise the LAL may be contaminated.®? The raticnale for using EUs was to provide a uniform
basis for comparison of results between laboratories relative to a standard. Although the concept has met
limited success, much remains to be done to ensure that results between lahoratories are comparable.

Much of the effort devoted to developing an assay for endotoxin has come from the need of the
pharmaceutical industry to ensure that drugs are free from pyrogenic agents. The LAL procedure meets
these needs. The correlation between pyrogenicity and LAL activity is good and the assay is sensitive to
the picogram range.

Nevertheless, the assay does have some drawbacks that may impact its use for occupational and
environmental samples. First, the LAL assay is itself a measure of biological activity, and because
endotoxins act on 2 variety of biclogical systems the LAL activity might not relate to other responses
caused by endotoxin_ Second, the response of the Limulus assay varies with the molecular state of
endotoxin; therefore, comparison between different environments or laboratories is difficult even when
sampling and measurement parameters are carefully controlied. Third, the Limulus assay is subject to
interferences that result in both false-positives and false-negatives. For example, polymeric molecules
such as cellulose have been shown to interfere with the assay.™ These interferences will probably occur
more frequently in envirenmental samples. Still, the LAL procedure is the most sensitive and reliable
assay available to measure endotoxin when used within the Iimits of the assay.

5. Environmental Sampling of Endotoxin

Fhe collection, extraction, and analysis of aerosols for endotoxin is a relatively recent effort. In 1978,
the OSHA cotton dust standard specified the vertical elutiator (VE) for measuring airborne respirable
dust. Efforts to define the etiology of byssinosis resulted in the analysis of VE dust filters for endotoxin.
This method has been used extensively for collecting respirable dust samples for endotoxin analysis.
The filter can be weighed for a gravimetric assessment and then extracted with pyrogen-free water
(containing a surfactant to facilitate extraction) and assayed by the LAL.® Levels of endotoxins in
different environments as measured by the VE were reported by Rylander and Morey.®

Other methods of sampling for aerosols of endotoxin have included total dust samplers, cascade
impactors, and personal samplers with separators.®7 Both cellulose and polyvinyl chloride filters have
been used in thes - studies. Data have shown that the smaller size dust fractions contain greater amounts
of endotoxin per unit weight of dust (ng/mg). Since endotoxins act primarily in the broncho-alveolar
region of the lung, any sampling technique should provide for the separate collection of respirable
particulates. All-glass impingers can also be used to sample aerosols of endotoxin; however, the stability
of endotoxins in the different collection media has not been documented.

Samples of bulk materals, solid or liquid, can be evaluated using standard quantitative methodology.
Extraction efficiencies for solid samples must be determined, as must stability of the extracted sample.

There currently 2re no established guidelines for sampling and analysis of aerosols or bulk samples
for endotoxins in occupational environments. Such guidelines are necessary if comparisons between
environments or laboratories can be made. Methods that are acceptable for collecting gravimetric samples
of respirable dust seem to be acceptable for sampling zerosols of endotoxins. Collection of respirable
particles is necessary because of the biological activity of endotoxin in the distal lung and the higher
relative concertration of endotoxin on respirable particles. All materials for sample collection and analysis
must be rendered free of endotoxin using docurmented procedures.

There aiso are no guidelines for the selection of filter type, and extraction efficiency studies are needed
ot e anMlanbimn madine and reeausns narameters Filtere for samnling should be handled s¢
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prior to sample extraction have not been defined; however, both bulk and filter samples should be stored at

“conditions (low moisture and temperature) to avoid bacterial growth prior to analysis. Until a simple
reliable assay for endotoxin is developed, it is recommended that analysis be done by laboratories experi-
enced in the LAL procedure.
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4. Biogenic Allergens

A. Overview of the Immune System

Biogenic allergens include substances produced or derived from plants, animals, or microorganisms that
when introduced into a host can elicit an immune response. To help in understanding the response &0
biogenic allergens, an overview of the immune system follows.

The primary function of the immune system is to protect the body from foreign substances by an
acquired ability to distinguish self from non-self. This ability is further characterized by specificity and
memory. Specificity refers to the ability to respond uniquely to many different foreign substances (anti-
gens); memory refers to the heightened response that occurs on subsequent exposure to extremely small
quantities of the original antigen.

The immune system is divided into humoral and cell-mediated components. The major cells of hu-
moral immunity are the B-cells (B-lymphocytes). These are white blood cells that secrete proteins called
antibodies which attach to foreign substances (including microorganisms) and enhance their elimination
or destruction from the host. The major cells of cell-mediated immunity (CMI) are the Tlymphocytes.
These are white blood cells that attack foreign substances directly.

B-cells are generated in the bursa in birds or bursal equivalent in mammtals, and T-cells are generated
in the thymus. T-cells can be further divided into four subsets — helper, cytotoxic, suppressor, delayed
hypersensitivity — each with a specific function that modulates the immune response.

Other celi-types of importance in the immune system include natural killer ¢ells and macrophage,
both of which modulate the immune response.

1. Humoral Immunity

Humoral immunity describes the production of specific proteins (immunoglobins) by plasma cells {com-
mitted B-cells) in response to a specific antigen. There are five categeries of immunoglobins (g} or
antibodies produced by committed B-cells: IgA, [gG, IgE, IgD, and IgM. The type of biological activity
elicited by a specific antigen depends on the type of antibody formed and the target cell or plasma
component of the antigen-antibody complex.

On first exposure, an antigen interacts with a macrophage or other antigen-processing cell (AFC),
causing the release of a cellular hormenes or cytokines {e.g., interleukin-1) that activate both B-cells and
T-helper cells. The activated T-heiper cells release other cytokines (B-cell differentiation factor and B-
cell growth factor) that stimulate the proliferation and maturation of B-cells into plasma cells, which
produce specific antibodies against the antigen, and sensitized B-cells, which serve as memery cells.

On second exposure, the memory cells allow a rapid antibody response to low levels of the specific
antigen. The first and second antibody responses to antigen differ in their kinetics and type of antibody
formed due to the previous expasure to the antigen (i.e., Memory).

2. Celi-Mediated Immunity (CMI)

Cell-mediated immunity is characterized by a reaction between an antigen and a sensitized T-lympho-
cyte that results in an immune response based on the release of cytokines from activated cells. There is
no formation of humoral antibodies. On first exposure, T-cells become activated either by direct interac-
tion with the specific antigen or by stimulation by an APC. The activated T-cells undergo proliferative
expansion and maturation into sensitized T-cell and memory cells.




On subsequent exposure, the memory Tecells interact with the antigen and elicit an inflammatory

. response by the release of cytokines that exert an effect on the surrounding tissue. This response is
amplified by the recruitment and activation of other effector cells to the target tissue. Because the reac-
tion requires the clonal proliferation of the memory cells and subsequent release of cytokines, it is also
called delayed hypersensitivity. An example of this type of reaction is contact dermatitis caused by
plants from the genus Rhus (e.g., poison ivy, oak).

3.  Nonspecific Immunity

Nonspecific (pharmacologic) immunity refers to initiation of inflammatory reactions by the nonspecific acti-
vation of cellular and humoral effector mechanisms:without the formation of specific antibodies or antigen-
specific sensitization of T-cells (CMI). A variety of compounds, including many biogenic substances, are
capable of directly stimulating many types of cells (polyclonal cell activators). This type of reaction is dis-
cussed in Chapter 3 of this manual in describing the response to Gram-negative bacterial (GNB) endotoxin.

The inflammatory reactions are often identical to those observed from humoral or cell-mediated reac-
tions; however, nonspecific immune reactions do not share the characteristics of memory and specificity.

B. Immune Hypersensitivity Reactions

Although the immune system normally has a protective role under some circumstances, its functioning
can result in responses that damage the host, Repeated exposure to an antigen, for example, can induce
an excessive immune response called hypersensitivity, which includes allergic asthma and rhinitis, by-
persensitivity pneumonitis, and contact dermatitis. Other adverse immune responses include autoim-
mune reactions and immunosuppression.

The following comments will focus on hypersensitivity reactions since this is the type of adverse
immune reaction associated most frequently with exposure to biogenic substances in the workplace. The
different types of hypersensitivity reactions have been classified into four major categories. They are:
Type I — immediate hypersensitivity reactions; Type II — cytotoxic reactions; Type 1If — immune
complex reactions; and Type [V — cellular immunity.™

Type 1 (immediate hypersensitivity) reactions develop in sensitized individuals immediately after a
second contact with the original sensitizing antigen. At primary sensitization, an antigen-specific IgE
antibody is produced that can bind to surface receptors on basophiis and mast cells.

If on subsequent exposure the specific antigen interacts with two adjacent IgE molecules on the cell
surface, the cell integrity is altered — resulting in the release of rapidly acting mediators such as hista-
mine. This response generally occurs rapidly on exposure to the offending antigen; however, other
response patterns might be observed, including a late (delayed 4-8 hr) or dual (immediate and late)
pattern. The delayed pattern is not to be confused with CMI. Depending on the target organ, the host
may respond with bronchospasm, rhinitis, or urticaria.

Occupational asthma is defined as variable airflow limitation {a reversible bronchospasm) caused by
a specific agent in the workplace. This definition is controversial because it includes substances that
cause airfiow limitation but are not sensitizers (see “Nonspecific Immunity” above).

Immunoelogically based occupational asthma is generally associated with a Type I response mediated by the
antibody (IgE). Differentiation between immunologic and nonimmunologic or nonspecific zirflow iimitation is
difficult and requires the demonstration of specific IgE antdbody by an appropriate serological procedure.

Occupational asthma is caused by a variety of airborne agents, including low molecular weight chemicals
and plant and arimal products. Most of these materials are encountered in the industrial workplace, but
the agents can also be foeund in other work environments such as research laboratories and contaminated
indoor air. The overall prevalence of occupational asthma is unknown, but estimates range between 5%—
15% of all cases of asthma.®

In Type I reactions, the antigen is associated with the surface of a cell: either as a surface protein or
a low molecular weight substance (hapten) such as trimellitic anhydride that binds to a cell surface
protein. On re-exposure, circulating IgG or IgM antibodies bind to the cell surface antigen, which ini-
tiates a series of events that results in the destruction of the cell. Hemolytic anemia and Goodpasture’s

_disease have been associated with this type of response. Type II reactions have rarely been associated
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Table XV. Antigens of Biogenic Origin
Occupational Asthma: Allergic Mechanism,

High Molecular Weight Compounds

Agents Occupations
Animal products, insects, others o .
i i | handlers
imals: i bits, guinea pigs Laboratoty saﬁﬂ..&ﬁ::ﬁ.%y m.:_am :
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irds: \ .
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eecs m_oncm. Research laboratory
River fly Power plant along rivers
Serew worm fly Flight crews
Cotkroach Laboratory workers
Cricket Field contact
Bee moth Fish bait E.mmn_ma
Moth and Butterfly Entormologists
i Grain handlers
mﬂﬂmwn_wﬂ_“wm_os Bakers, millers
Buckwheat mmxma s
Coffee beans m,a. proc
Castor bean O industry
; Teaworker ]
Mmmmnoo leaf Tobacco manufacturing
st
Hops (Humulus fupuls) Brewery chefmis
N Carpenter, construction, cabinet maker, sawmill worket

Wastam red cedar (Thija pficata)
California redwood
Cedar of Lebanon
Cocobolla

froka

Ozk

Mahogany

Abiruana

Affican maple
Tanganyika aningre
Central American wainut




Agents Occupations

Microorganisms and Products
B. subfilis Detergent industry
Fungal amylase Manufacturing, bakers
Gum Tragacanih Gum manufacturing

Others
Crab Crab processing
Prawns Prawn processing
Hoya Qyster farm
Larva of sillkwerm Sericultura

C. Measurement of Aeroallergens

Relatively few studies have evaluated the levels of airborne antigens in environments with biogenic
antigens. Sample coilection methods for aeroallergens do not differ from the methods used for gravimet-
ric dust. The major limitation has been the lack of sensitive and reliable methods to identify specific
antigens. Historically, three methods were used to estimate the concentrations of aeroallergens: 1) mi-
croscepic counting of pollen and mold spores; 2) evaluation of viable bioaerosols: and 3) chemical
evaluations of specific antigens (such as isocyanates) or antigenic surrogates such as protein content.®

With the development of sensitive immunoassay techniques, low congentrations of specific antigens can
be measured by extracting gravimetric dust samples. Variables that influence the recovery and detection of
aeroallergens include volume of air sampled; filter extraction efficiency: and the sensitivity of the assay.
Accurate quantitation requires the reference antigen to have the same specificity as the target antigen, and
that the assay is not affected by substances that might be present in environments with organic dust.

At publication of this manual, there were no approved or standardized protocols for the evaluation of
exposure to airborne antigens. Until such protocols are proposed, evaluated, and standardized, it is
recommended that a person trained in medicire and immunology be consulted to develop a strategy for
evaluating exposure to airborne antigens.

The majority of studies evaluating specific aeroallergens have focused either on domestic indoor
environments or animal leboratory containment facilities. Environmental varizbles shown to influence
the concentration of aeroallergens include particle size: humidity; density of animals; and socioeco-
nomic factors,&

D. Exposure to Occupational Allergens

In developing practices and procedures directed to the control of hazards in the workplace, emphasis
usually is placed on those elements that present an immediate or serious hazard to personnel or to the
environment. Often, however, little attention is given to hazards that mi ght result in illnesses of low inci-
dence or of nondisabling consequence. Allergies fall into each of these broad categories, although to the
person affected an allergy can cause significant health problems and result in loss of income. Many envi-
ronments exists in which exposure to occupational allergens can occur. These include, but are not limited
to, warkers in the foed industry, pharmaceutical industry, and the agriculture and textile industries.

As an approach to alerting personnel to this potential hazard and in the interest of providing some
insight into the problems of allergies in employees, allergies to animal dander is discussed below as an
example of an environment with occupational exposure to allergens. Exposure to animal dander occurs
primarily in the research Iaboratory setting. The major difference between industry and the research
laboratory is the amount of allergen to which the worker is exposed.

1. Animal Dander Allergies

Laboratory animal dander allergies (LADA) are generally defined as Type I reactions mediated by an IgE
antibody, caused by dermal or inhalation exposure to animal fur. saliva, urine, or other body products.
Outcomes associated with inhaiation exposure include thinitis, conjunctivitis. and wheezing and cough
“(asthma). Dermal symptoms include urticaria and angicedema. Lutsky and Neuman reported that 70% of

persans with LADA responded with symptoms within 5 q.E.m om. exposure to mumnmwn.m .mnm_ OHWMH uwﬁ”m
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Table XV1. Distribution of LADA* Among 238 Employees According to Job Title®

Joh Title ) No.
Research scientist 15
Technicians 10
Animal attendants/custodians 2
Administrative staff g
Clerical staff 0

* LADA = laberatory animal dander allergies.
® Source: Lincoln, T.A., N.E. Balton, and A.S. Garrett: Occupational Allergy to Animal Dander and Sera. J. Occup. Med.
16:465-469 (1974).

Table XVIL. History and Skin Test Results According to Education*

History  SkinTest College or Graduate High Schoal or Less
+ + 24.7% 11.8%
+ - 10.4% 11.0%
16.3% 18.6%
] ) 48.4% 58.4%

+ = reported allergy in a medica! history

- = allergy not reported in the history
A Source: Lincoln, TA,, N.E. Bolton, and A.S. Garrett: Occupational Allergy to Animal Dander and Sera. J. Cccup. Med.
12ARE NGO {147




The development of LADA symptoms varies from less than one year to many years after initial
contact. According to Lutsky and Neuman, symptoms develop in one year or less for 38% of those
affected, in two years for 10%, in three years for 24%, and in four or more years for 28%.9 The data
indicate that a longer period of time is required for LADA to develop in those without a history of
allergy or a positive skin test to a variety of allergens. Persons with an atopic predisposition as deter-

mined by history or skin test are at an increased risk of developing LADA; however, the degree of risk .

is undefined. Lincoln et al. found that 50% of the sensitized employees had relatives with aflergy and
52% had seasonal allergic rhinitis that was exacerbated by exposure to animals.” When these employ-
ees were skin-tested (prick test), 8% were found to be sensitive to pollens, 63% to house dust, and 89%
to various animal danders. Other studies have shown similar responses. ¢

Persons with LADA. are often hypersensitive to more than one species of animal. One study reported
that 55% of the subjects were allergic to two or more animals;,® another study reported a similar cbser-
vation in 45% of evaluated subjects."® The cat (16%) was the animal most frequently associated with
animal allergies, followed by the rabbit (14.6%), guinea pigs (12.8%), and rats (11.6%). Most LADA
are associated with small mammals such as rats, mice, guinea pigs, and rabbits.®

Sensitivity might be highly specific for certain strains of animals, Sorrel and Gottesman®” reported
severe rhinitis in an individual after a few months exposure to C-57 and C-58 Swiss mice, although the

individual had worked with other species of mice for many years. There seemed to be no history of allergy,

but the individual had a positive reaction to C-57 and C-58 dander in a scratch test. The reaction to a
commercial mouse skin test antigen was weak. Voorhorst®® described two animal handlers who developed
severe allergic symptoms when a group of agoutic rodents were introduced into the animal colony, al-
though both technicians had worked with a variety of rodents for many years without symptoms of allergy.

Expesure of animal urine via direct contact or inhalation of contaminated dusts (dander, hair, bed-
ding, etc.) is prevalent in various aspects of animal handling. Lincoln et al. concluded that aerosolized
dander and urine were more important sources of allergen than food or bedding because the latter are
aerosolized in limited amounts as rather large particles that settle rapidly.” Their data suggest that
soluble protein material on dander is as important or more so than the dander itself. More recent studies
suggest proteins from saliva and urine represent the greatest risk for LADA.U*?" Urine proteins from
rats and mice are more potent because of their nonvolatile, high molecular weight characteristi cs. @)

Direct contact with animals is not necessary for the development of LADA. Sensitivity to rat dander
was reported in a 5-year-old whose only comtact was through his mother, a research assistant having
daily contact with rodents.*® This case emphasizes the need for personal hygiene, personal protective
equipment (PPE), and appropriate facilities in the workplace to prevent secondary exposures in addition
to reducing the severity of symptoms i the primary centact. Perhaps a shower at the end of the workday
would benefit both the patient and atopic relatives.

Taken together, the results of these studies permit construction of a LADA profile. The patient is an
employee of either sex, a scientific or technical worker, 28 to 32 years old, has 2 family history of atopy,
develops hypersensitivity within three years of animal contact, has an immediate type response (less
than 10 min), displays three or more clinical symptoms {most frequently rhinitis, asthma, and cough)
and is sensitive to one or two animal species.

The effect of LADA on employment can be serious. Although 75% of atopic individuals in the study by
Lutsky and Neuman® could continue their work using masks and antihistamines, 28% either changed jobs
or avoided specific animals. Of the latter 28%, half voluntarily resigned their jobs. Lincoln et al. found that
37% of atopic employees either avoided exposure altogether or wote a respirator.® Some technicians were
reassigned; others adjusted their work schedules to allow only brief exposures to animals.

Three major approaches have been recommended to reduce exposure or minimize the effects of expostre: ™

a. Pre-employment evaluation to identify workers at increased risk.

b. Personal protective measures: This includes the use of gown or lab coat, vinyl or rubber gloves,
approved disposable dust respirators and shoe covers, Care should be taken to assure proper fit of
respirators and gloves. If garments are used in handiing animals, they should be either disposable
and discarded on exiting the animal room. I reusable garments are used, appropriate handling
guidelines must be implemented. The efficacy of such personal protective measures is difficult to
determine, although subjectiv ervations suggest they help reduce the frequency and severity of

. Methods to reduce antigen release: The use of filter-top cages or other updated designs (e.g., HEPA-
filtered cages, filtered laminar flow cage racks, use of wire floors in rodent cages to eliminate wood
chip bedding and reduce dust emissions, and cage systems with antomatic flushing systems); bio-
logical safety cabinets for handling animals or cage-emptying; 2 well-designed ventilation system
(both local exhaust and dilution ventilation); independent room ventifation with special ceiling to
floor airflow with positive afr pressure in animal rooms; and use of dust-free bedding.

2. Industrial Enzymes

Enzymes are proteins that serve as catalysts in biochemical reactions. They are naturally occurring
products (e.g., derived from a variety of animal, plant, and microbial sources) that can be produced in
commercial quantities either through extraction from natural sources by chemical or mechanical meth-
ods, or by fermentation processes. Their structure determines both functionality and human antigenic
potential.

Occupationally, the most studied type of enzymes have been bacterial proteases that break down
various protein substrates into less complex polypeptide units. These enzymes have been widely used in
laundry detergents. The information in this chapter is provided as a general overview of current health
and safety issues related to the industrial production and use of these enzymes. This chapter should be
used only as a guide to this topic. The reader is referred 10 the referepces at the end of this chapter for
more detailed information. The practices described should be generally applicable to operations involv-
ing nonproteclytic enzymes.

Tt is important to remember that commercially available enzymes are derived from nontoxicogenic,
nonpathogenic microorganisms and the producing strains are not carried over into the finished product
in a viable state.

3. Health Effects

Proteolytic enzymes cause eye irritation and are capable of causing nonallergic skin irritation {on re-
peated or prolong contact with unprotected skin). Their greatest potential health risk, however, is immu-
nologic sensitization. Enzymes, like other naturalty oceurring proteins, are capable of initiating anti-
body production (sero-conversion) and Type I IgE mediated allergic responses in exposed individuals.

Sero-conversion due to enzyme exposure is known to occur only as a result of inhalation. There is no
evidence to indicate that skin contact will result in systemic IgE mediated sero-conversion and subse-
quent allergic response.

Sero-conversion does not pecessarily result in the appearance of clinical symptorns. Within any popu-
Iation, a portion of those who develop antibodies will develop clinical symptoms with additional expo-
sure to enzymes. The clinical symptoms are the same as those associated with classical hay fever or
ragweed pollen allergies. The clinical response, and the propensity to injtially develop antibodies, has
heen shown 1o be somewhat conditional on still undefined individual predisposition factors in addjtion
to exposure dose.

There is no evidence that commercially available enzyme preparations have mutagenic, teratogenic,
or carcinogenic potential by any route of exposure or level of dose.

4. Exposure Limits

ACGIH has established a ceiling threshold limit value (TLV) of 0.00006 mg/m® (60 ng/m?®) for pro-
teolytic enzymes (subtilisins) detived from B. subtilis or closely related species.®® This exposure limit is
based on 100% pure crystalline enzyme. The ceiling limit is based on high volume sampling for 60 min
because of the analytical limitations at the time the TLV was established.

5. Enzyme Exposure Control

The exposure routes of concern associated with industrial enzyme products are, in order of importance,
inhalation, and skin/eye contact; therefore, any control strategy designed to reduce employee exposure
must concern itself with the reduction or elimination of asrosol generation and opportunities for direct




Careful attention to the design, location, and maintenance of exhaust ventilation in conjunction with
carefully developed work practices have proved effective in the reduction of occupational exposures.

6. Personal Protective Equipment and Hygiene Practices

Although good work practices and engineering controls will reduce the need for personal protective
equipment during routine operations, there are activities that require PPE, including respiratory protec-
tion, to contrel potential employee exposure. It is not uncommon for PPE to be used combined with
engineering controls and workplace practices during equipment cleaning, scheduled maintenance ac-
tivities, enzyme-product spill cleanup, and emergency response activities.

x

7. Exposure Monitoring

There are several reports of sampling and analytical methods for evaluating airborne levels of enzymes in
the work environment ‘22 All of these analytical methods are for subtilisins or papain. The ACGIH TLV
for subtilisins and its interpretation is based on area sampling using a high flow pump (400600 L/mim)
and analysis by enzyme activity assays.

Enzymes have unique biological and chemical properties that present challenges when developing air
monitoring and assay methods. Enzymes are large biological molecules that will become inactive if not
handied properly. Stability is of particular concern during air monitoring and storage. Enzymes are
classified by their function, and each class is composed of multiple entities with anique specific activi-
ties and antigenic properties. Subtilisins, for example, are a group of serine proteases that degrade
proteins.

For many years proteases have been measured with an activity assay using a natural substrate, N,N,-
dimethyl casein. This method has been described by Dunn and Brotherion™ and Bruce et al.®® Draw-
backs to this method include low sensitivity and nonspecificity. A high volume sample must be taken to
obtain a sufficient sample for anatysis; thus, personal sampling cannot be used to assess exposure levels.
The assay cannot distinguish between different subtilisins, so it can only be used when one subtilisin is
present. It is critical that the particular reference subtilisin be used in the analysis.

Increased sensitivity via a flucresamine method was described by Chein in 1978.%" Rothgeb also
reported increased sensitivity with a synthetic substrate, p-nitroanilide.” The Rothgeb method is sensi-
tive enough for personal sampling. These two methods did not improve specificity and cannot be used
when more than one subtilisin is present.

In 1981, Wells et al. described an immunoassay for papain measurement in the industrial setting.®
This was followed in 1986 by a similar methed for a subtilisiz.® These methods require isotopes and a
radiobiology lab to perform the assay. At the 1990 American Industrial Hygiene Conference (AIHC) in
Orlando, Fla., a paper was presented on an Enzyme-Linked ImmunoSorbent Assay (ELISA) for quanti-
tating a protein. These methods are based on antigen-antibody reactions, which greatly improve the
sensitivity and specificity of previous assays. The principal drawbacks are the relative difficulty in ob-
taining a key reagent, purified anti-sera from an immunized animal host, and specialized analytical
equipment is required. A specific anti-sera must be obtained for each enzyme to be analyzed.

8. Medical Sarveillance Programs

The purpose of medical monitoring is to protect employee health through the early identification of
occupational health problems. It is recommended that such a program be implemented whenever en-
zymes are handled.

A medical surveillance program for facilities that handle enzymes should include:

a. Preplacement evaluations to establish baseline health status and to identify individuals who might
be more prone to developing adverse health effects when working with enzymes:

b. Periodic evaluations to identify individuals who have experienced sero-conversions and/or adverse
heaith effects from exposure to enzymes.

The information provided from a medical surveillance program can be used to evaluate the effective-
¢ ness om engineering controis, PPE, and employee training.

There are two medical tests that can be conducted to determine whether an individual has developec
antibodies to a specific enzyme. Antibodies can be detected either through a laboratory blood test (suck
as 2 RAST)®>® or by a simple skin prick test commonly used by allergists.®'*» Blood and skin tests
only provide presumptive evidence that a person has sero-converted and has developed antibodies to the
specific enzyme tested, and not that this person will exhibit clinical allergy symptoms.
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5. Control Methods

A. Introduction

The term “biosafety” describes a complete program of administrative controls, medical surveillance,

‘vaccination (when appropriate), and containment strategies for reducing the risk of disease in laboratory

workers and other persons with potential exposure to infectious agents of other biologically derjved
molecules. Containment strategies include methods to protect the worker from exposure to biological
agents and to prevent the release of such agents into the outside environment. The three elements of
containment include laboratory practice and technique, safety equipment, and facility design. As ameans
of specifying these elements in biomedical and research lab settings, a biosafety level (BSL) rating has
been formulated by the Centers for Disease Control and Prevention.* BSLs have also been used in
biotechnology and animal care facilities and can be applied theoretically in any occupational seiting.

B. wmomm*,mg Levels

There are four biosafety levels for infectious agents. These biosafety levels, which consist of combina-
tions of Jaboratory practices and techniques, safety equipment, and laboratory facilities appropriate for
the hazards posed by handling infectious agents, are described in greater detail in Appendix IL.

Biosafety Level 1 (BSL1I) practices, safety equipment, and facilities are appropriate for undergradu-
ate and secondary educational training and teaching laboratories, and for other facilities in which work
is done with defined and characterized strains of viable microorganisms not known to cause disease in
healthy adult humans. Bacillus subtilis, Naegleria gruberi, and infectious canine hepatitis virus are
examples of microorganisms meeting these criteria. Many agents not ordinarily associated with discase
processes in humans, however, are opportunistic pathogens and may cause inféction in the young, the
aged, and in immunodeficient or immunosuppressed individuals. Vaccine strains that have undergone
multiple in vivo passages should not be considered avirulent simply because they are vaccine strains.

Biosafety Level 2 (BSL2) practices, safety equipment, and facilities are applicable to clinical, diag-
nostic, teaching, and other facilities in which work is done with the broad spectrum of indigenous
moderate-risk agents present in the community and associated with human disease of varying severity.
With good microbialogical technigues, these agents can be used safely in activities conducted on the
open bench, provided the potential for producing aerosols is low. Hepatitis B virus, the Salmenella spp.,
and Toxoplasma spp. are representative of microorganisms assigned to this containment level. Primary
hazards to personnel working with these agents may include accidental autoinoculation, ingestion, and
skin or mucous membrane exposure to infectious materials. Procedures with high aerosol potential must
be conducted in primary containment equipment or devices.

Biosafety Level 3 (BSL3) practices, safety equipment, and facilities are applicable to clinical, diag-
nostic, teaching, research, or production facilities in which work is dope with indigenous or exotic
agents where the potential for infection by aerosols is real and the disease might have serious or lethal
consequences. Autoinoculation and ingestion represent the primary hazards to personnel working with
these agents. Examples of such agents for which Biosafety Level 3 safeguards generally are recom-
mended include Mycobacterium tuberculosis, St. Louis encephalitis virus. and Coxiella burnetii.

* The abbreviations B5L and BL for biosafety level are used inferchangeably by various organizations and government
agencies. For consistency, BSL is bieing used in this manual.
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Biosafety Level 4 (BSLA4) practices, safety equipment, and facilities are applicable to work with
dangerous and exotic agents that pose a high individual risk of life-threatening disease. All manipufa-
tions of potentially infectious diagnostic materials, isolates, and naturally or experimentally infected
animals posea high risk of exposure and infection to laboratory personnel. Lassa fever virus is represen-
tative of the agents assigned to Level 4.

Biosafety levels are atso described for activities involving experimental animals. These four combina-
tions of practices, safety equipment, and facilities are designated animal biosafety levels (ABSL} 1,2, 3,
and 4 and provide increasing levels of protection to personnel and the environment. These are described
in detail in Appendix ITI, which also includes a listing of zoonotic diseases and a list of specific organ-
isms isolated from utine and feces of infected animals.

Containment for large-scale recombinant DNA. experiments o production, greater than 10 L, is de-
scribied in the National Institutes of Health (NIH) Guidelines for Research Involving Recombinant DNA
Molecules'® and in the Organisation for Economic Co-operation and Development’s Safety Consider-
ations for Biotechnology.® NIH describes four levels of large scale containment: Good Large Scale
Practices (GLSP), Biosafety Level 1 Large Scale (BSL1-LS), Biosafety Level 2 Large Scale (BSL2—
L3), and Bicsafety Level 3 Large Scale (BSL3-LS). These targe scale guidelines could also be applied
to experiments and production of nonrecombinant organisms. The criteria for large scale containment
are described in Appendix IV.

C. Work Practices and Techniques

The most important element of containment is strict adherence to standard microbiological practices and
techniques.

1. Administrative Controls

Program Administrator: Qualified individuals must do the following in management of an effective

biosafety program:

» Supervise the safety performance of the employees to ensure that the required safety practices and

techniques are used;

« Develop emergency plans for spills and personnel contamination;

« Instruct and train employees in the practices and techniques required to ensure safety;

- Ensure the integrity of the physical and biological containment;

+ Irform employees of the medical surveillance program;

« Correct work errors and conditions that might result in exposure ot release;
Select appropriate microbiological practices and techniques;
» Ensure perjodic workplace evaluations; and
- Interact with the workplace biosafety committee (see below).

These responsibilities may be assigned jointly to the direct supervisor, laboratory director, biosafety
officer, or other health and safety professionals.

Each workplace is unique and requires biosafety programs tailored to meet specific needs. The pro-
gram administrator is responsible for selecting additional safety practices, which must be consistent
with the hazards associated with the agent or procedure. As a general policy, clinical, field, and enviren-
mental specimens should be nandled at the level recommended for the most pathogenic agent that the
clinical diagnosis or other evidence suggests is likely to be present. For example, sputa submitted to the
laboratory should be handled from the outset as potentially infectious for tuberculosis. Personnel work-
ing with specimens or Lissues submitted for rabies examination should be immunized and take appropri-
ate precaulions to prevent parenteral or aerosol exposures. Personnel working with specimens or tissues
of domestic and wild animals shouldbe aware of known or potential zoonotic infections, should be
immunized if vaccines are available, and should observe other common sense precautionary measures.
Personnel working with human neural tissue should take precautions against Creutzfeldt-Jakob agent.

Employee’s Role: The success or failure of any biohazards control program ultimately rests with the
employee. Each employee is responsible for complying with all safety rules. regulations, and proce-

supervisor regarding accidents resulting in personal injury, illness, and/or property damage and any
actions or conditions that could result int such incidents.

Biosafety Committee: Workplaces that handle biohazardous agents should have a standing biosafety
committee. Members of this committee should have broad backgrounds in microbiology, medicine (hu-
man and veterinary), industrial hygiene, engineering, and occupational safety. Biosafety committees are
responsible for defining the potential risk of planned work associated with the use of biohazardeus agents.

Biosafety Manuals and Training: Each organization that works with biohazardous agents should
develop a biosafety operations manual specific for that facility which identifies the hazards that will or
might be encountered. The manual should specify practices and procedures designed to minimize or
eliminate risks. Personnel should be advised of special hazards and should be reguired to read and
follow the required practices and procedures. Information and training programs should be developed
and initially provided for all employees, New employees should receive training prior to beginning
work, and refresher courses should be available to al! employees at risk of exposure on an annual basis,
if not more frequently.

Use of a Universal Biohazard Warning Sign: Establishment of policies and procedures for identifica-
tion and control of biclogical hazards is another form of administrative contrel: Proper identification of
hazardous biclogical agents is necessary to alert support personnel who may
enter the area to take precautionary measures and to restrict traffic to hazardous
areas. It is the primary responsibility of the supervisor/laboratory director to
identify biohazards properly. To ensure proper identification of biological haz-
ards, a standardized, easily recognized sign is essential. The warning sign must
be placed so that it can be seen easily and displayed only for the purpose of
indicating the presence of actual or potential biological hazards. The biohazard
warning symbol shown in Figure 2 must appear on the door sign.

Figure 2. Universal bichazard symbol.

2. Medical Surveillance

Application of traditional industrial hygiene sampling and exposure assessment techniques for hazard
evaluation can be complicated by the following factors: 1) the consequences of exposure to many bio-
hazards are hypothetical or unknown, and 2) the minimum dose for all but a few well-characterized
biogenic agents is unknown; consequently, there are few occupational expesure lirnits. These uncertain-
ties underscore the need for medical surveillance.®

Specific recommendations concerning the need for ejther preassignment or periodic medical examina-
tions for workers engaged in biohazardouns operations must be determined on a case-by-case basis. The
recommendations will depend on the assessed hazards of the work and the individual needs of the worker.

Medical surveillance is focused on the early detection of illness or injury, therefore, is a form of
secondary prevention.?# Secondary prevention is the detection and termination of an illness before the
worker normatly would have sought medical care. Medical surveillance has been used to monitor the
effectiveness of exposure controls and the effectiveness of personal protective equipment. Other goals of
medical surveillance include the identification of medical conditions that place the worker at increased
risk of a work-related illness or injury,® documentation of the baseline and periodic health status of the
workers, and data collection for fumure epidemiologic review. Table XVII lists some other uses of medi-
cal surveiilance, and Table XIX some limitations.

Table XVIII. Some Uses of Medical Surveillance

» Provides evidence of exposure;

+ Detects disease early;

« Assesses the efficacy of exposure control measures;

+» Detects changes in the health of employees;

« Defermines the suitability of an individual for a particular jeb due to physical attibutes or sensitivities;




Table XVIIl {continued). Some Uses of Medical Surveillance '

« Delecls patterns of disease or subclinica? parameters in the work force;

+ Emphasizes the existence of job-related hazards ta the workers;

+ Establishes a medical and serological baseling;

» Maintains records; )

« Ensures that at-risk workers are appropriately immunized;

« Identifies workers with greater [kelihcod of developing work-related finass (i.e., sensitivity scresning)
+ Delermines suitabifity of employees for respirator use; and

» Meets regulatory requirements.

* Adapted from the following references:

o_m.m%nmzo: of Allergic Reactions Responsible for Clinical Hypersensitivity and Disease. In Glinical Aspects of Immunology
(edited by PG.H. Gell, R.A. Coombs, and P.J. Lachmann). Philadelphia: Blackwell Scientific Publications, 1975.

Chang-Yeung, M., and 3. Lam: Occupational Asthma. Am. Rev. Respir Dis, 133696-703 (1986).

Agarwal, MK, JW. u,nmas_ S, Dunnette, and G.J. Gleich: Immunochamical Quantitation of an Airhorne Proteolytic
Enzyme, Esperase®, in a Consumer Products Factory. Am. Ind. Hyg. Assoc. J 47(2):138-143 (1986).

Table XIX. Limitations of Medical Surveillance

+ Groups ara generally small in. size;

+ Exposures are variable;

« There can be a long latency period between exposure and disease;

« Effects of exposure frequently are uncertain;

« Most medical tests are nenspecific and nonselective;

+ Tests may detect disease or injury only after serious and irreversitle adverse health effects have developed;
« Some tests produce high false-positive and false-negative results; and

« |t sometimes s difficult to distinguish cecupational from nonoccupational causation.

The Medical Surveillance Process

Development of a medical surveillance program may inciude the following steps:
1) Identify the exposures and potentially exposed workers;

2) Characterize the potentia] health effects or hypersensitivities;

3) Select the medical surveillance instruments;

4) Perform medical surveillance;

5) Document data collection;

6) Analyze the data; and

7) Report the data and recommendations to workers and appropriate management.

1) Identify Exposures: The process of exposure identification involves characterizing the workplace,
the work force, and the agents present and then vsing this information to develop homogeneous expo-
sure groups.® All members of a homogeneous expasure group are presumed to have similar exposures
and are at risk for similar heaith effects; therefore, they should receive identical medical surveillance. If
developed carefully, these homogeneous exposure group designations may be useful in future epide-
miological studies of the population.

2) Characterize Potential Health Effects: Characterize the potential health effects and signs of expo-
sure to the agents to which each homogeneous exposure group is potentially exposed. Medical condi-
zoum. that can reduce a worker’s immunocompetence or detoxification systems should also be identified

3-4) Select Medical Surveillance Instruments and Perform Medical Surveillance: The medical sur-
veillance instruments must be specific for the health effects attributable to the agent{s) or to conditions
believed to affect the worker’s natural defenses.

Whether the instruments are administered monthly, annually, or at other intervals must match the
progression of the expected health consequences of exposure. Most medica] surveillance programs are
composed of a baseline medical evaluation conducted at preplacement, periodic evaluations, a final
evaluation npon leaving the work area, and special examinations in the event of spills, failures of con-

tainment equipment, or the development of work-related medical signs or symptoms,“®

A CDC/NIOSH ad hoc working group convened by NIH to study medical surveillance for industrial
applications of biotechnology® recommends that preplacement examinations be designed to:

+ establish a worker’s health status prior to employment;

« provide baseline data for possible epidemiological studies;

» identify conditions that make the worker more susceptible to work-related illness; and
+ gbtain data on risk factors.

These goals can be accomplished by obtaining a thorough medical and occupational history, and by
conducting a physical examination and appropriate laboratory tests.“® The elements of a physical ex-
amination and the selection of laboratory tests depends on the purpose of surveillance. Sullivan pre-
sented a thorough summary of available clinical laboratory tests that may be useful in medical surveil-
lance of workers in biological research and biotechnalogy.™ The elements of medical surveillance must
also be practicable in the setting and be aceeptableto the employees. All medical surveillance exams
should be conducted in compliance with the Americans with Disabilities Act of 1992.

Periodic medical evaluations should include parameters that will provide useful information on the
early effects of exposure and changes in natural defenses or the development of antibodies to specific
antigens.® Comprehensive periodic physical examinations are generally of Little value.®

For appropriate quality control of clinical 1aboratory tests, blank, spiked, or daplicate samples should
be submitted periodically to the testing laboratory to document the quality of the analytical results,
Equipment used in the physical examination (such as spirometers and andiometers) should be calibrated
daily and serviced routinely.

The exit exam is given to workers who are leaving a particular homogeneous exposure group. The
purpose of an exit exam is to allow 2 comparison of the health status of the worker at preplacement and
at exit; therefore, it should resemble the preplacement exam.

Special medical examinations and follow-up procedures should be developed for workers:

« involved in spills, failures of engineering controls, or accidental exposures (such as needlesticks);®
« who have suffered from prolonged (> 48 hours} or unexplained ilinesses;® or
« who develop health effects that are potentially work-related.

These examinations should look for early evidence of illness in those exposed or determine whether
reported health effects are in any way related to agents in the workplace and whether similar health
effects have been seen in co-workers. The results of these evaluations should be used to determine the
need for further medical follow-up and whether modifications to existing engineering and work practice
controls and other procedures are justified.

5) Document Data Collection: Data must be collected in a way that makes it easily retrievable and
analyzable. The documentation from the exposure identification process and the development of the
homogeneously exposed groups must be retained, All findings from physical examinations, question-
naire responses, and laboratory test results must be included as part of the worker’s permanent medical
record and should be formatted for meaningful evaluation. All equipment calibration, maintenance in-
formation, and guality control data must also be retained.

6) Analyze the Data: Collected data must be analyzed. Individual resuits should be compared with
population norms, if available, and with previous and baseline results. Grouped data from individuals
within a homogeneously expesed group can be periodically analyzed. In the long term, epidemiological
analyses of accident or illness records, specific laboratory findings, and other morbidity and mortality
information can be performed.




7) Give Report and Recommendations: All results of medical surveiltance must be reporied to the
participating worker. Summaries of results by a homogeneously exposed group can be developed forthe
biosafety officer and facility management. Confidentiality of participating workers must be maintained.

OSHA has not specifically mandated biological monitoring or medical surveillance of workers poten-
tially exposed to biological hazards (e.g., in the biotechnology industry). The only recommended work-
place exposure limit for a product of biotechnology is for subtilisins: ACGIH’s ceiling threshold limit
value (TLV} is 0.00006 mg/m® (60 ng/m?) for a 60-min sample.®

OSHA’s bloodbome pathogens standard (29 CFR 1910.1030) requires that HBV vaccinations be made
available to those accupationally exposed, and that post-exposure evaluations and follow-up be conducted
in the event of a significant exposure to blood or other potentiafly infectious materials."® But the standard
does not mandate medical surveillance of workers potentially exposed to bloodborne pathogens.

The NIH Guidelines for Research volving Recombinant DNA Molecules impose a responsibility on
institutions performing recombinant DNA work within the scope of the guidelines to “determine the
necessity for health surveillance of recombinant DNA research personnel, and conduct, if found appro-
priate, = health surveillance program . . "V The program elements suggested in the NIH Guidelines are:

= records of agents handled;
« active investigations of relevant illnesses; and
« maintenance of serial serum samples for monitoring serologic changes that may result from em-

ployee work experience.

If agents that require BSL3 or greater physical containment are to be handled, the NIH Guidelines
require collection and storage of baseline serum samples and collection of additional serum samples if
the agents handled warrant them. A health surveillance program is required by the guidelines only if
personnel are engaged in large-scale work with agents that require BSL3 or greater containment. This
program is to include at a minimum:

- preassignment and periodic physical and medical examinations;

« collection, maintenance, and analysis of serum specimens for monitoring work-related serologic
changes; and

+ pravisions for the investigation of any serious, unusual, or extended employee iilnesses possibly
related to work.

Examples listed in the guidelines of medical conditions that might place a worker at increased risk of
work-related illness and, thereby, preclude his or her involvement in a project are:

« gastrointestinal disorders, which could reduce the employee’s resistance to coliform or other
enteropathogenic microorganisms; and

- treatment with steroids, immumosuppressive drugs, or antibiotics, which could reduce the employee’s
immunological competence.

The NIH Guidelines also impese on the institmution, the Institutional Biosafety Committes, the Bio-
logical Safety Officer, and the Principal Investigator the responsibility to “report significant research-
related illnesses. . " and require that if a research group is working with a known pathogen for which
there is an effective vaccine, the vaccine should be made available.

The CDC/NIOSH Ad Hoc Working Group on Medical Surveillance for Industrial Application of
Biotechnology was convened to develop additional guidance to institations on medical surveillance of
biotechnology workers. The working group concluded that:®

+ Industrial applications of biotectmologies will increase the potential for worker exposure to tDNA
microorganisms and products.

« The health hazards of the current cornmonly used strains seem minimal.

+ The health hazards of the preducts of these organisms seem to be more substantial.

+ Medical surveillance programs should be highly specific: they should be designed to evaluate the

. specific hazards that confront an occupational group; and

» Establishment of medical surveillance in any newly developed industry constitutes prudent medi-
cal practice.

These conclusions and recommendations are shared by the “Specialist Working Group on Health
Surveillance of Those Involved in Genetic Manipulation at Laboratory and Large Scale” of the Advisory
Committee on Genetic Manipulation of Britain’s Health and Safety Executive."? Accordingto the advi-
sory statements of this committee and the CDC/NIOSH working group — and most authors on the
subject — the guiding principle when designing a medical surveillance program for workers potentially
exposed to biohazards is that the program elements should be targeted to the foreseeable consequences
of exposure to the agents handled. 12 .

In summary, medical surveillance should occupy a central role in the health and safety program of a
biomedical research or biotechnology facility. Because of the difficulties in applying traditional indus-
trial hygiene exposute assessment techniques to biohazards, one relies on medicat surveillance to detect
exposure and occupational illness. The process by which a medical surveillance program is developed
should be identical tc that followed in other industries. The elements of the medical surveillance pro-
gram and the timing of the examinations should be selected based on the anticipated health effects of the
agents handled by the exposure group.

3. Transportation and Shipping of Biclogical Materials *

Backgronnd

In general, interstate transportation of biohazardous materials is subject to U.S, Public Health Service
(PHS) and Department of Transportation (DOT) regulations. The DOT and PHS govem interstate trans-
portationt by rail, air, vessel, and public highway. The regulations of the International Air Transport
Association (JATA) and the International Civil Aviation Organization (ICAQ) also apply when
biohazardous materials are shipped by air. All biohazardous materials leaving facilities must meet all
applicable requirements. The employee who uses 2 commercial carrier or personally carries a package in
his or her own car, a company vehicle, taxi, or bus is responsible for ensuring that all legal réquirements
are met for packaging, labeling, and documentation. The type of packaging, labeling, and documen-
tation required depends on the type of biohazardous material being shipped and how it is to be
shipped (i.e., the mode of transportation and the temperature requirements of the materials).
DOT, PHS, and IATA/ICAQ packaging and labeling requirements are given below.

Some institutions require that 2 Principal Investigator preapprove transfer of materials under his or
her direction. Biohazardous materials moved between buildings of the same facility are not subject to
DOT regulations when travel over public roads is not involved. Biosafety principles, however, require
that these biohazardous materials be transported in durable, leakproof, labeled containers.

Further Classification of Biohazardous Materials

DOT definition: An infectious substance means a viable microorganism, or its toxin, that causes or
might cause disease in humans or animals, and includes those agents listed in 42 CFR 72.3 of U.S.
Department of Health and Human Services (DHHS) regulations or any other agent that causes or might
cause severe disabling or fatal disease. Infectious substance and etiologic agent are synonymous. {This
definition is consistent with that of the PHS.]

IATAACAO definition: An infecrious substance contains viable microorganisms including a bacte-
rium, virus, rickettsia, parasite, fungus, or a recombinant,hybrid or mutant, that are known or reasonably
believed to cause disease in humans or animals. Infectious substances are further classified into four risk
groups, with IV being high individual and community risk and I being low individual and community
risk. Infectious substances in risk group I are not subject to IATA (ICAQ) regulations.

DOT and PHS definitions: A diagnostic specimen means any human or animal material including,
but not limited to, excreta, secreta, blood and its components. tissue, and tissue fluids being shipped for
the purpese of diagnosis.

* Adepted from 49 GFR Parls 100-199; Dangerous Goods Reguiztions, 36th Edition, International Air Transport Associatior,
Geneva, Switzerland, 1995: and “Guidefines for Research Involving Recombinant DNA Molecnles INTH Guidelinesh” Fadara!




IATA/ICAQ definition: A diagrostic specimen means any human or animal materfal including, but
not limited to, excreta, secreta, blood and its components, tissue, and tissue fluids being shipped for the
purpose of diagnosis, excluding live infected animals. Diagnostic specimens are further classified by
IATA/ICAQ into three categories that require different packaging. One category consists of those being
trarisported to undergo confirmatory testing. These are known to contain or believed likely to contain
infectious substances. The second category consists of those diagnostic specimens being transported to
undergo routine screening tests or for the purpose of initial diagnosis. These are considered to involve a
relatively low probability that infections substances are present. The third category includes diagnostic
specimens that are known not to contain infectious substances. This category is not restricted by TATA/
ICAQ. It must be noted, however, that knowledge that 2 diagnostic specimen is free of infectious sub-
stances necessarily requires extensive Hmmmum, or knowledge of treatment.

NOTE: Transportation of diagnostic specimens is not regulated by the DOT. Note, however, that if
ground or vessel transportation of diagnostic specimens is required prior ro air transportation, the DOT
requires that IATA/ICAQO requirements be met (49 CFR 171.11-171.12).

A biological product means a materizl prepared and manufactared in accordance with the n_.oSmE:w
of the following and which may be shipped in interstate commerce:

* 9 CFR Part 102: Licenses for biclogical products

+ 9 CFR Part 103: Biological products for experimental treatment of animals
» 9 CFR Part 104: Permits for biological products

» 21 CFR Part 312: Investigational new drug application

+ 21 CFR Parts 600-680: Biologics

Requirements for biological products will not be presented here.

Packaging of Infections Substances

DOT packaging requirements for infectious substances:

= Packaging of infectious substances requires inner packagings and an outer packaging. The inner
packagings consist of a watertight primary receptacle, a watertight secondary packaging, and an
absorbent material placed between the primary receptacle and secondary packaging, If multiple-
primary receptacles are placed in a single secondary packaging, they must be wrapped individu-
ally to ensure that contact between them is prevented. The absorbent matedal (such as cotton
wool} must be sufficient to absorb the entire contents of all primary receptacles. The outer packag-
ing must be of adequate strength for the package’s capacity, mass, and intended use.
Each package for infectious substances must be capable of passing the tests specified by the DOT
(49 CFR 178.609). Packages consigned as freight must be at least 100 mm (3.9 in.) in the smallest
overall external dimension. All primary receptacles and secondary packaging used for infectious
substances must be capable of withstanding, without leakage, aninternal pressure that produces a
pressure differential of not less than 95 kPa (14 psf) and temperatures in the range of -40°C to
+55°C (-40°F to +131°F).
The primary receptacle of /yophilized substances include flame-sealed glass ampoules or rubber-
stoppered glass vials with fitted metal seals.
« Appropriate packaging of liquid or solid substances depends on the temperatuze at which they are
shipped and the volume or mass.

The following apply for volumes greater than or equal to 50 mL:

* For those shipped at ambient or higher temperatures, primary receptacles include those of glass,
metal, or plastic. Positive means of ensuring a leakproof seal {such as heat seal, skirted stopper, or
metal crimp seal) must be provided. If screw caps are used, they must be reinforced with adhesive
tape.

« Forliguid or solid substances shipped at refrigerated temperatures or frozen (including ice, prefrozen
packs, and dry ice} ice or dry ice must be placed outside the secondary packaging. Interfor sup-
ports must be provided 8 secure the maoonamQ wmowmm_nm in the original voﬂzon after the ice or
drvire has diceins i ed, the puter

« For liguid or solid substances shipped in liquid nitrogen, primary receptacles capable of with-
standing very low temperatures must be used. Secondary packaging must also withstand very low
temperatures and will need to be fitted over individual primary receptacles in most cases. Require-
ments for shipping liquid nitrogen must also be observed.

All requirements for < 50 mL, plus the following, apply for volumes > 50 mL:

» Shock-absorbent material, in a volume at least equal to that of the absorbent material between the
primary and secondary containers, shalk be placed at the top, bottom, and sides between the sec-
ondary contajner and the outer shipping container. Single primary containers shall not contain
more than 1 L of material; however, two or more primary contairers whose combined volumes
does not exceed 1 L may be placed in a single, secondary container. The maximum amount of
etiologic agent that may be enclosed within a single outer shipping container must not exceed 4 L.

+ DOT requirements limit the quantity of infectious substances to 50 mL (liquid) or 50 g (solid} for
passenger aircraft or railcar and 4 L (liquid) or 4 kg (solid) for cargo aircratt.

IATA/ICAQ packaging requirements for infectious substances:
Following is the one IATA/ICAO “packaging instruction” for infectious substances (602):

« Packaging of infectious substances requires inner packagings and an outer packaging. The inner
packagings consist of a watertight primary receptacle, a watertight secondary packaging, and an
absorbent material placed between the primary receptacle and secondary packaging. If multiple
primary receptacles are placed in a single secondary packaging, they must be wrapped individu-
ally to ensure that contact between them is prevented. The absorbent material (such as cotton
wool) must be sufficient to absorb the entire contents of all primary receptacies. The outer packag-
ing must be of sufficient strength to meet the design type tests found in Subsection 10.5 of the
TATA 1995 regulations.

Packages consigned as freight must be at least 100 mm (3.9 in.) in the smallest overall external
dimension.

An itemized list of contents must be enclosed between the secondary packaging and the outer
packaging.

All primary receptacles OR the secondary packaging used for infectious substances must be ca-
pable of withstanding, without leakage, an internal pressure that produces a pressure differential
of riot less than 95 kPa (14 psi) and temperatures in the range of -40°C to +55°C (-40°F to +131°F).
All packages must be marked durably and legibly on the outside of the package with the name and
telephone number of 2 persen responsible for the shipment.

.

. Also, the following specific requirements must be met for temperatures at which infectious sub-
stances must be shipped:

« For infectious substances shipped at ambient temperatures or higher, primary receptacles may
only be of glass, metal, or plastic. A positive means of ensuring a leakproof seal must be provided
(such as heat seal, skirted stopper, or metal crimp seal). If screw caps are used, they must be
reinforced with adhesive tape.

For infectious substances shipped refrigerated or frozen (wet ice, prefrozen packs, dry ice), the ice
or dry ice must be placed outside the secondary packaging(s). Interior support must be provided to
secure the secondary packaging(s) in the original position after the jce or dry ice has dissipated. If
ice is used, the packaging must be leakproof. If dry ice is used, the outer packaging must allow for
the telease of carbon dioxide gas. The primary receptacle and the secondary packaging must
maintain their containment integrity at the temperature of the refrigerant used as well as at the
temperatures and pressure(s) of air transport to which the Eno?wo_o could be subjected if refrig-
eration were to be lost.

For infectious substances shipped in liquid nitrogen, plastic primary receptacles capable of with-
standing very low temperatures must be used. Secondary packaging must also withstand very low
temperatures and in most cases will need to be fitred over individual primary receptacles. Requaire-
ments for shipment of liquid nitrogen must also be ocmm_émm. The E._ENQ _.mhmcﬁﬁa must main-
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tures and pressure(s) of air transport to which the receptacle could be subjected if refrigeration
were to be lost. . .

« For shipping iyophilized infectious substances, primary receptacles must _un. either flame-sealed
glass ampoules ot rubber-stoppered glass vials with metal seals. ) .

« Quantity restrictions apply. No more than 50 L (tiquid) or 50 g (solid) net quantity per ﬁmnNm@o
can be shipped on passenger aircraft. No more than 4 L (liguid) or 4 kg (solid) net quantity per
package can be shipped on cargo aircraft.

PHS packaging requirements for infectious substances:

The PHS regulations for the interstate shipping of infectious agents are being revised, but Eo. H.:oé.
ing requirements were in effect at publication of this manual. These RnEBngm muu:\. to certain infec-
tious agents that are listed by PHS; however, because this list does not contain all of the infectious .mmonﬁ
that PHS wishes to regulate, it is under revision. Also, some infectious agents must be sent by registered
mail or an equivalent system. ) ) .

. Volumes < 50 mL: Infectious material must be placed in a secure, watertight primary container
(e.z., test tube, vial) that must be enclosed in a second, durable émﬁmﬂmwﬁ .mono:amQ container.
Several primary containers may be enclosed in a single secordary container, if the total volume of
all primary containers does not exceed 50 mL. All space between the primary and mmno.namQ
containers shall contain sufficient absorbent material to absorb the entire contents of the primary
contziner(s) in case of breakage or leakage. Each set of primary and secondary containers must
then be enclosed in an outer shipping container constructed of corrugated fiberboard, cardboard,
wood, or other material of equivalent sirength.

Volumes > 50 mL: All requirements for volumes = 50 mL (listed above) must be met. Also, a
shock-absorbent material, in volume at least equal to that of the absorbent material umﬁimmn. the
primary and secondary containers, must be placed in all spaces between nwm. secondary container
and the outer shipping container. Single primary containers whose combined volumes do not
exceed 1 L may be placed i a single, secondary container. The maximum volume that may be
enclosed in a single outer shipping container cannot exceed 4 L. . o
If dry ice is used as a refrigerant, it must be placed outside the secondary container(s). ﬁ.aq iceis
used between the secondary container and the outer shipping container, the outer container rnust
allow for the release of carbon dioxide gas.

Packaging Requirements for Diagnostic Specimens

There are no DOT requirements for packaging diagnostic specimens, but following are IATAJICAO
packaging requirements for diagnostic specimens:

+ For shipping diagnostic specimens known to contain or believed ESE to monnan.wnmmano:m sub-
stances, follow the TATA/ICAO requirements above (i.e., use “packaging instruction” 602).

+ For diagnostic specimens known not 10 contain infectious substances, there arg no IATA/ICAO

requirements. o . . .

For diagnostic specimens with a low probability of containing infectious substances, “packaging

instruction” 650 must be used. The requirements follow: .

— Inner packagings must consist of a leakproof primary receptacle(s), a imﬁamnm mmnonmwQ
packaging, an absorbent material, and an outer packaging of adequate mn.m:mﬁ for its capacity,
weight, and intended use. Absorbent material must be placed between E.n primary receptacle
and the secondary packaging. If multiple primary receptacles are placed in a single mmnn.u:mmq
packaging, they must be wrapped individually to ensure that contact between them is pre-
vented. The absorbing material (such as cotton wool) must be sufficient to absorb the entire
contents of all primary receptacles.

— The entire package must be capable of withstanding at least a 1.2 m drop test on 2 hard ur-
yielding surface without release of its contents. The vn_..nmq receptacle OR the mwnouumaw. nmnw.
aging used for biological products and diagnostic specimens must be capable of withstanding,

. smnroc:mm.w»mn_wmmamnb&?mmmcnnﬁmgamcnomm?.mmmﬁn &mmnnamm_owuo:m&?uuom
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— Packages consigned as freight must be at least 100 mm (3.9 in) in the smallest overall externa
dimension.

* Also, specific requirements for temperatures at which infectious substances must be shipped also apply
1o diagnostic specimens with a relatively low probability of the presence of infectious substances.

PHS packaging requirements for diagnostic specimens:

The PHS regulations for the interstate shipping of infectious agents and diagnostic specimens are
being revised. PHS currently requires that diagnostic specimens with a low probability of containing
infectious agents meet IATA/ICAO “packaging instruction”™ 650.

Labeling of Packa u s of Infections Substances and Diagnostic Specimens

DOT labeling requirements are as follows:

» The DOT Infectious Substance label is required for both intrastate and interstate shipping destina-
tions. It has a white background with Infectious Substance in black lettering.

= The DOT does not regulate the transportation of diagnostic specimens; therefore, there are no
DOT labeling requirements.

TATA/ICAO labeling requirements are as follows:

The Infectious Substance label is required for infectious substances and for diagnostic specimens
known to contain infectious substances. The Iabel is diamond-shaped (with square dimensions 100 x
100 pam, minimum) with specific markings. The universal biohazard symbol is pictured in black in the
top comer and the lower part of the label bears the following inscription in black lettering: INFEC-
TIOUS SUBSTANCE — IN CASE OF DAMAGE OR LEAKAGE IMMEDIATELY NOTIFY PUB-
LIC HEALTH AUTHORITY. The background of the iabel is white.

For small packages, the dimensions of these labels may be no smaller than 50 x 50 mm.

‘Labeling is not required for diagnostic specimens either known not to contain infectious substances
or for those with a low probability of containing infectious substances.

PHS labeling requirements are as follows:

The PHS label for infectious substances and diagnostic specimens is identical. It has the following
aspects: a rectangle measuring 51 mm (2 in.) by 102.5 mm (4 in.}, a red universal bichazard symbol on
a white background, and lettering in both red and white, and the following inscription: ETIOLOGIC
AGENTS — BIOMEDICAL MATERIAL — IN CASE OF DAMAGE OR LEAKAGE NOTIFY DI-
RECTOR CDC ATLANTA, GEORGIA 404-633-5313.

Documentation

An jtemized list of contents must be enclosed between the secondary packaging and the outer packag-
ing. An exact description of the contents of primary receptacles for the shipping manifest must be
provided to personnel who actually ship the material. This information is necessary so that personnel
can accurately fill out additional paperwork and mark the cuter packages appropriately.

4. Use of Laboratory Equipment

Pipets are basic scientific pieces of equipment used throughout the world. They are used for volumetric
measurement of fluids and for the transfer of these fluids from one container to another. The fluids that
are handled are frequently hazardous in nature, containing irfectious, toxic, corrosive or radioactive
agents. A pipet can become a hazardous plece of equipment if used improperly. Safety pipetting tech-
niques are required to reduce the potential for exposure to hazardous materials. The most common
hazards associated with pipetting procedures involve the application of mouth suction. The causative
event in more than 13% of all known laboratory accidents that resulted in infection was oral aspiration
through a pipet. Contaminants can be transferred to the mouth if a contaminated finger is placed on the
suction end of the pipet. There is aiso the danger of inhaling aerosols created in the handling of Hquid
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Other hazards of exposure to acrosols are created by liquid dropping from a pipet to a work surface,
by mixing cultures by alternate suction and biowing, by forceful ejection of an inoculum onto a
culture dish, or by blowing out the last drop. It has been demonstrated by high-speed photography
that an aerosol of approximately 15,000 droplets — most under 10 um — is produced when the last
drop of fluid in the tip of the pipet is blown out with moderate force. Although the aerosol hazard
associated with pipetting procedures can be reduced only by use of safe technigues and biological
safety cabinets, the potential hazards associated with oral ingestion can be eliminated by use of me-
chanical pipetting aids.

Safe Practices Governing the Use of Pipets and Pipetting Aids *

1. Never use mouth pipetting. Always use some type of pipetting aid.

2. If working with biohazardous or toxic fluids, pipetting operations should be confined to a safety
cabinet or hood.

3. Pipets used for the pipetting of bichazardous or toxic materials always should be plugged with
cotton {even when safety pipetting aids are used).

4. No biohazardous material should be prepared by bubbling expiratory air through a liquid with a

pipet.

Biohazardous material should not be mixed by suction and expulsion through a pipet.

No biohazardous material should be forcibly expelled out of a pipet.

7. When pipets are used, avoid accidentally dropping infectious cultures from the pipet. Place a

disinfectant-soaked towel on the working surface and autoclave the towel after use.

Transfer of liquid between the graduation marks of pipets is preferable to expelling the last drop.

9. Discharge from pipets should be as close as possible to the fluid or agar level, or the contents

should be allowad to run down the wall of the tube or bottle whenever possible, not dropped from

a height.

Nondisposable pipets contaminated with potentially infectious materfal should be placed horizen-

tally in a pan contzining enough suitable disinfectant to allow complete immersion. They should

not be placed vertically in a cylinder.

11. Discard pans for used pipets are to be housed within the biological safety cabinet.

12. The pan and pipets should be autoclaved as a unit. The replacement unit should be a clean pan with

fresh disinfectant. :

o
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5. Housekeeping **

Housekeeping procedures and schedules are essential in limiting exposure to bichazardous materials.
The objectives of housekeeping in the biological laboratory are to:

« provide an orderly and clean work area conducive to the accomplishment of the research program;

» provide work areas devoid of physical hazards;

+ prevent the accumulation of materials from current and past experiments that constitute hazard to
laboratory personnel; and

« prevent the creation of aerosols of hazardous materials as 2 result of the housekeeping procedures used.

The primary function of routine housekeeping procedures is to prevent the accumulation of wastes
that 1) might harbor microorganisms that are a threat to the integrity of the biclogical systems under
investigation; 2) might enhance the survival of microorgenisis inadvertently released in experimental
procedures; 3) might retard penetration of disinfectants; 4} might be transferable from one area to an-
other on clothing and shoes; 5) might, with sufficient buildup, become a biohazard as a consequence of
secondary aerosolization by personnel and air movement; and 6) might cause allergic sensitization of
personnel (e.g., to animal dander). :

* Adapted from Laboratory Safety Monograph — A Supplement fo the NiH Guidelines for Recombinant DNA Research,
USDHEW, USPHS, NIH, January 1979.

* Adapted from Laboratory Safety Monograph — A Supplement to the NIH Guidelines for Recombinant DNA Hesearch,

Housekeeping in animal care units has the same primary function as that deseribed for the laboratory
and shouid also be carried out as meticulously in quarantine and conditioning areas as in areas used to
house experimentally infected animals. No other areas in the laboratory have the constant potential for
creation of significant quantities of contaminated waste than animal care facilities.

Floor Care: Avoidance of dry sweeping and dusting will reduce the formation of nonspecific envi-
ronmental aerosols. Wet mopping or vacuum cleaning with a high-efficiency particulate air (HEPA)
filter on the exhaust is recommended.

In the absence of overt hazardous spills, the cleaning process commonly will consist of an initial
vacuuming to remove al! gross particulate matter and a follow-up wet mopping with a solution of chermi-
cal decontaminant containing a detergent. Depending on the nature of the surfaces to be cleaned and the
availability of floor drains, removal of residual cleaning solutions can be accomplished by a number of
methods. Among these are pickup with a partially dry mop, pickup with a wet vacuum that has an
adequately filtered exhaust, or removal to an convenient floor drain by use of a floor squeegee.

Dry Sweeping: Although it is recommended that dry sweeping be minimized as much as possible, this
might be the only method available or practicable under certain circumstances. In such cases, sweeping
compounds used with push brooms and dry-dust mopheads treated to suppress aerosolization of dust
should be used.

P. Engineering Controls

Safety equipment includes biological safety cabinets and a variety of enclosed containers. Safety equip-
ment also includes items for personal protection such as gloves, coats, gowns, shoe covers, boots, respi-
rators, face shields, and safety glasses. These personal protective devices are often used in combination
with biclogical safety cabinets and other devices that contain the agents, animals, or materials being
worked with. Tn some situations, however, it is impractical to work in biological safety cabinets, mean-
ing personal protective devices may form the primary barrier between personnel and the infectious
materials. Certain animal studies, animal necropsy, production activities, and activities relating to main-
tenance, service, or support of the laboratory facility are examples of these situations.

A comprehensive safety program for a research facility using biological agents can be developed by
using a strategy of primary and secondary containment. Primary containment is the protection of per-
sonnel and the immediate laboratoryor production environment. It is provided by good microbiological
techniques and the use of appropriate safety equipment. Secondary containment is the protection of the
environment external to the laboratory from exposure to infectious materials. It is provided by a combi-
nation of facility design and operational practices.

1. Primary Barriers *

Engineering controls normally consist of primary and secondary barriers. Primary barriers help safe-
guard laboratory personnel from hazardous research materials; secondary barriers help the environment.
Also, some of these systems have been effective in maintaining the purity of research materials. Con-
tamination detrimental to the research mission may include ubiquitous fungal or bacterial contamina-
tion from outdoors, indoors, equipment, or even laboratory personnel. The potential for cross-contami-
nation of research materials within the facility also can be reduced by barrier systems.

A primary barrier is interposed between the agent and the personnel. A primary barrier is intended to
confine and isolate the agent from the individual manipulating the agent and provide protection to other
persons in the laboratery room. Primary barriers can be designed to enclose simple manipulations (e.g.,
pipetting) or complex processes such as continuous-flow centrifugation.

Primary barriers generally are represented by biological safety cabinets, laboratory fume hoods, and
glove boxes. These systems are manufactured by assembling in various combinations and configurations:

» Physical barriers (impervious surfaces such as metal sides, glass panels, rubber gloves, and gaskets);
« Air bartiers (flow of air with relatively uniform direction and velocity);

* Adapied from Design of Biomedical Research Facilitiss, Cancer Research Safety Monograph, Vol 4 (NIH Publication No. 81-




« Filtration barriers (HEPA filters); and
« Inactivation or destruction barriers (autoclaves and incinerators).

Biological Safety Cabinets

Several models of cabinets with varied containment capabilities have been marketed throughout the
years. Three primary classes of biological safety cabinets (Class I, 11, and IIT) have now become widely
recognized. Each class is distinguished by its design and its containment and cleanliness capability.
Class I and Class IT cabinets have an air barrier between the laboratory operater and the cabinet work
area. Since air barriers do not provide absolute containment, these two classes of cabinets are considered
to be partial containment devices. Class TII cabinets have physical barriers between the operator and the
cabinet work area and zre considerad “absoiute” containment devices. NIH formelized recominended
performance specifications for all three classes of cabinets in its Laboratory Safety Monograph, pub-
lished in 1979. These appear in Table XX.

Table XX Recommended Minimum Perfermance Specifications of Biclogical Safety Cabinets

Cabinet Face Velocity  Negative Permissible Exhaust
Velocity Prefile  Pressure Leak Rate * Fiiter Efficiency
{ft/min) {inches, w.g.)
Class &
Open front 75 N/A N/A N/A 89.97% for 0.3 yum particles
Front panel 150 N/A N/A N/A "
without gloves
From pane! N/A N/A p0.5 NA .
with gloves
Class Il
Type A 75 B N/A 1x 10 ce/sec at v
2 in. w.g. pressure ¢
Type B 100 & N/A N/A -
100% Exhaust 100 8 NA N/A ”
Class I
N/A N/A p0s 1x 10% cefsec at o

3in. w.g. pressure

NfA& = not applicable
4 This leak rate refers to the carcus of the cabinet.
5 Depends on National Sanitation Foundation {NSF) certification in accardancs with NSF Standard 49.

© For biologically contaminated positive-pressure plenums.

® Both HEFA filters must be certified to have a filration efficiency of 99.97% for 0.3 pm particles. When an incinerator is used
in lieu afthe second HEPA fiter, the incinerator must be capable of destroying all spores of Sacilius subfifis when challenged
at a concentration of 10F spores per cubic faot of air.

The Class I cabinet is a conventional, open-face, negative-pressure cabinet similar in concept to a
laboratory fume hood (see Figure 3). These cabinets provide personnel and environmental protection
and are suitable for BSL1, BSL2, and BSL3 containment.

Class IT cabinets, commonly known as laminar flow biological safety cabinets, were developed to
protect the cperator from research materfals and to protect the research materials from external contami-
nation. HEPA-filtered air flows from an overhead diffuser down over the work area, providing a con-
tabwinatinn_fraa zane Thic dawnfiow afr snlits at the work surface. with part flowing te a grille at the rear
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protected by the air barrier created by the inflow of room air and the downflow air that flows into the
front grille.

There are three basic types of Class II cabinets: Type A (Figure 4y, formerly known as Type 1; Type
B1 (Figure 5), formerly known as Type 2, and Type B2 (Figure 6), sometimes referred to as 100%
exhaust; and Type B3. These types differ in the propertion of air recirculated into the work area; the
velocities. of the airflows into the work opening and downward to the work surface; the manner of
discharge of exhaust air; and the pressure in contaminated air plenums refative to the room.

Features of the Class II, Type A (also known as NSF A) cabinet:

The optimum work opening is generally 8 in. (0.2 m} in height. A 10-in. (0.25-m) work opening
height is sometimes used.

Approximately 70% of the total air moved is recirculated into the work area from a common
plentm. Approximately 30% of the total air comes into the cabinet through the work opening; an
amount equal to the intake is discharged through the exhaust outlet.

The intake velocity at the work opening has at least 75 ft/min (0.38 m/sec.); the vertical flow
downward toward the work surface varies with design.

A blower, an integral part of the cabinet, forces portions of the contaminated air drawn from the
work area through the supply (recirculation) filter and the exhaust filter; thus, exhaust air is force-
fully discharged by the cabinet.

The contaminated air plenum between the blower and the filters is under positive pressure. In
some designs, this plenum is at positive pressure to the room and has to be gas-tight. In other
patented designs, it is surrounded by plenums at negative pressure to the room.

The sash may be fixed, hinged, or skiding.

The Type A cabinet will operate free-standing with YEPA-filtered exhaust air dumping back into
the room. -

Featores of the Class IE, Type B (NSF B1) cabinet:

.

It has a movable sash that can be raised from the usual work opening of 8 in. (0.2 m) to 20in. (0.5
m) for introduction and removal of equipment and materials.

From 30% to 50% of the air is recirculated in the cabinet. The balance (50% to 70%) of the air
comes into the cabinet through the work opening; an equal amount is drawn out through the
exhaust outlet,

The intake air velocity at the work opening is a minimum of 100 ft/min (0.5 m/sec.) at the normal
working opening of § in.; the vertical flow downward toward the work surface varies with design.
A blower or blowers in the base of the cabinet draw air through a grille near the work opening and
then through a supply HEPA filter. The blowers force filtered air up through plenums along the
sides of the cabinet and downward through an overhead diffuser above the work surface. Some
cabinets now have a second supply filter directly above the work area. Air is drawn from the work
area through a rear grille and via a dedicated plepum through a HEPA filter by an exhaust blower
that is usually located on the roof of the building. Thus, exhaust air must be drawn from the
cabinet by an external fan, and the air recirculated to the work area is never mixed with air that is
being exhausted. .

The contaminated air plenums are at negative pressure relative to the room.

A building blower and duct system is required for the cabinet to operate.

Features of the Class II, 100% (NSF B2} exhaust cabinet:

-

.

*

It has a movable sash similar to the Type B cabinet.

No air is recirculated to the work area; 100% of the air moved in the cabinet is directly exhausted
from the work area.

A supply blower forces air from outside the cabinet through a supply HEPA filter and down
through the work area.

An exhaust blower on the roof of the building draws air into the cabinet through the work opening.
It then pulls all of this intake air, plus all of the air that was supplied to the top of the work area,
through a HEPA filter and exhausts it to the outside of the building.

A ildine blower and duct systern is required for the cabinet to operate.
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Features of the NSF B3 cabinet:

« This is a Class I, Type A cabinet with three conditions applied:
— minimum of 100 fpm intake air velocity;
— no biologically contaminated plenums positive to the room; and
— air exhausted from the cabinet is ducted to the outdoors.

Class IIT cabinets are hermetically sealed enclosures for confining extremely hazardous materials.
Operators must perform their work by inserting their hands and arms into long rubber gloves attached to
the cabinet, which serve as physical barriers {see Figure 7). For this, gloves made of neoprene in thick-
nesses of 15 to 30 mil have been found to be satisfactory; however, they must be inspected for ,En.roﬁ
leaks as received from the manufacturer and at routine intervals of vse. Some manufacturers will give
assurance that their gloves have been tested by resistance to high voltage as evidence they are free of thin
areas and pinholes. After intervals of service, and after sterilization of the cabinet system, the gloves —
while still attached to the cabinets — should be examined for leaks using halogen at 3 inches water
column (in. w.c.) following the certification procedures for Class III cabinet systems. There will be no
further discussion of Class IIT cabinets since they are used only in maximum containment facilities.
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Figure 7. Class [l cabinet.

Inherent in the features of these biological safety cabinets are certain assets and limitations. These
featnres must be understood so that proper consideration of the assets and limitations can be made when
selecting the cabinets and designing their installation (see Table XXI).

Table XX. Applications of Biclogical Safety Cabinets in Microbiological Research

Biological Safety Cabinet Research Uses/Applications
Type Work Opening Face Uncogenic Chemical Etiologic
Velocity Viruses * Carcinogens ®  Agents 9
(ft/min) Recombinant
DNA®
Class I:
Front panel not in piace 75 Low and moderate No BSL3
: Front panel in place without gloves 150 Low and mederate Yes BSL3

Front pane! in place with gloves NA Low and moderate Yes BSL3
Class [I:
Type A (NSF-A) Fixed height, usually 10 in. 75 min Lew and moderate No BSL3
TypeBand Sliging sash provides opening 100 at®in.| Lowand moderate Yes, BSL3
100% Exhaust adiustable from 8 to 30 in. for opening in lew
(NSF B1, B2, introduction and removal of dilution and
and B3} equipment and materials. wvolatility
To obtain proper face velocity,
experimentation should be
done with 8-in. apenting.
Class Il No direct opening. Access N/A Low, maderate, Yes BSL4
is through double-door and high
sterilizer and decontaminant
dunk bath.

A 118, Department of Health, Education and Wellare, National Cancer Institute, Office of Research mwaq" Salely
Standards for Research involving Oncogenic Viruses (DHEW Publicaticn No. [NTH] 78-780. Bethesda, Md: Naticnal Cancer
Institute, 1978.

8 J.S. Department of Health, Education and Welfare, National Cancer Institute, Office of Research Safety: Safety
Standards for Research Involving Chermical Carcinogens (DHEW Publication No. (NIH] 76-90G). Bethesda, Md.: National
Cancer Institute, LS. Department of Heaith, Education and Welfare, 176.

¢ U.5. Department of Health, Education and Weifare, Public Health Services, Centers for Disease Control and
Prevention: Classification of Etiologic Agents on the Basfs of Hazard. Atiata, Ga.: Centers for Disease Control, 1974.

D 8. Department of Health, Education and Welfare, National institutes of Health: National Institutes of Health Safety
Monograph (A Supplement to the NIH Guidelines for Recombinant DNA Research). Bethesda, Md.: National Insfitutes of
Health, 1978.

Some of these assets and limitations are discussed quantitatively in the literature./>42

Design Considerations for Installing Biological Safety Cabinets

Requirements for the proper installation of a biclogical safety cabinet depend on the class of cabinet
and or the nature of the research and the materials to be handled. Considerations must also be made for
the safety of maintenance personnel who will service the mechanical equipment. Design considerations
for the maintenance of laboratory facilities must be considered. Aside from maintenance, the design

engineer must consider the following:

a Location of the cabinet within the room: Extraneous air currents pear the work opening of acabinet
can disrupt the inward airflow and jeopardize containment and product protection. These air currents
can be caused by the swinging motion of nearby doors, personnel walking past the front of the
cabinet, or drafts from ventilation outlets. Cabinets therefore should be located out of traffic patterns
and away from doors, preferably at the “dead-end” of the laboratory. The, discharge from nearby
ventilation outlets should be directed away from the cabinets.

b. Cabinet exhaust system: The exhaust system should have provisicns for decontzmination such as
an air tight dampener.

Class I: HEPA-filtered air sometimes may be tefurned to the laboratery environment, provided 1) that
the exhaust filter has been certified, and 2} that use of volatile, toxic, or radioactive materials in the
cabiget is prohibited. Note that the Class I cabinet usually does not have an integral blower and an aif
mover rernotely located must be provided. Class I cabinets are usually connected directly to an exhaust
system that discharges to the outdoors.

Class I, Tvpe A: This type of cabinet has an integral exhaust blower and the HEPA-filtered air may be
discharged to the room, provided 1) that the exhaust filter has been certified; 2) that the use of volatile,
toxic, or radicactive materials in the cabinet is prohibited; and 3) there is adequate clearance to the
ceiling so that exhaust air is not restricted. I this case, a guard to protect the exhaust HEPA filter from
damaee should be installed. Tt is preferable. however, to discharge the exhaust air outdoors. An air mover




remotely located must be provided to take the air from the top of the cabinet and discharge it outside. A

hard connection or a thimble connection may be used at the top of the cabinet.

(Class 1. Type B. and_100% exhaust: These types of cabinets require an external exhaust blower and

must be hard connected directly to an exhaust system that discharges to the outdoors.
Use of toxic chemicals and chemical carcinogens: Many laboratories {e.g., virology and celk cul-
ture laboratories) use dilute preparations of chemical carcinogens and other toxic substances. The
likelihood of the use of carcinogens or toxic chemicals in your laboratory should be evaluated
before selecting and installing bielogical safety cabinets. Careful evaluation must be made of prob-
iems for decontaminating the cabinet and associated exhaust system (prior to maintenance activ-
ity). Air purification systems such as charcoal filter beds, catalytic converters, and incinerators
may be required for the cabinet effluents to meet any applicable emission regulations.

d. Quantities of supply and exhaust air: The quantity of air exhausted through a properly operating
faboratory fume hood or biological safety cabinet must be known when designing the air balance for
the facility. Approximate values of required make-up air are given in Table XXIL Required face
velocities {and thus the requirements for make-up air) for Class I cabinets and laberatory fume hoods
may vary with application, but operating specifications for Class II cabinets (types A and B) arc
firmly established; The air quantities for these cabinets must always be within = 5% of the
manufacturer’s specified values. Otherwise, the aperator or product protection could be jeopardized.

Table XXIl Make-Up Air Requirements for Laboratory Hoods and Safety Cabinets

Approximate Make-Up Air
Requirements (ft*/min)

Minimum Average

Type of Hood or Cabinet Face Velocity (ftfmin) 4-ft Hood 6-ft Hood
Class I: 75 200 300
Class Ii, Type A: 75 260 400
Class Il, Type B: 100 250 360
Class I, 100% Exhaust: 100 500 1150
Class Ill: A A A
Laboratory Fume Hood 100 7501000 1250-1500

# One air change of cabinet volume each 3 min for general ventilation or to accommodate heat load {whichever is greater).
The cabinet must be under at least 0.5 in negative pressure, and the airfiow must be adequate to provide at least 100 fom
through a glove port should a glove come off inadvertently.

For correct sizing of the exhaust fan, the cabinet manufacturer should be consulted for the pressure
drop through the cabinet with fully loaded filters. A mass airflow monitoring device should be in-
cluded to warn the operator when the exhaust air quantities drop to an unsafe condition.
Certification test before use; It is recommended that the safety cabinet be tested by a gualified
individual: I) after it has been purchased and installed but before it is used; 2) after it has been moved,
relocated, or serviced; and 3) at least annually. This certification should include testing for filter
integrity and efficiency, airflow velocities, integrity of the enclosure around the work arca, and con-
taminated air plenums and relative air pressure of air plenums. Provisions are needed for measuring
the flow rate and leak-checking the filters as required for certification.

o

2. Secondary Barriers

Architectural and engineering features of the laboratory can form a secondary barrier to protect personnel in

other areas of the building and the environmentfrom exposure to research materials released into a laboratory

room. Release of biogenic materials may result from the absence or failure of primary barriers or because of

a EuoESQ accident occurring outside the primary barrier. The secondary barrier is not intended to reduce
osure for personxnel inside the Iaboratory room where the release may occur.

A secondary barrier may include 1) materials and methods of construction that facilitate cleaning and
prevent accumulation of contamination; 2) a pest- and vector-proof design; 3) protection of utility distri-
bution systems from contamination; 4) treatment of liquid and air effluents to remove contaminants; and
5) air pressure gradients to maintain migration and infiltration of air from noncontaminated areas to
potentially contaminated areas, The levels of containment achieved will depend on which of, and to
what extent, these elements are used in the design. The National Cancer Institute has classified research
facilities on the basis of contamination control features as being either a basic facility; a containment
facility; or a maximum containment facility. The features of these facilities are given below.

Basic Laboratory: This laboratory provides general space in which work is done with viable agents
that are not associated with disease in healthy adults, Basic laboratories include BSL] and BSL2 facili-
ties. These laboratoriés are appropriate for work with infectious agents or potentially infectious materi-
als when the hazard levels are low and laboratory personnel can be adequately protected by standard
laboratory practice. Although work is commonly conducted on the open bench, certain operations are
confined to biological safety cabinets. Conventional laboratory designs are adequate. Areas known to be
sources of general contamination, such as animal rooms and waste staging areas, should not be adjacent
to patient care activities. Public areas and general offices to which nonlaboratory staff require frequent
access should be separated from spaces that primearily support laboratory functions.

Containment Laboratory: This laboratory has special engineering features that make it possible for
laboratory workers to handle hazardous materials without endangering themselves, the community, or
the environment. The containment laboratory pertains to a BSL3 facility. The unique features that distin-
guish this laboratory from the basic laboratory are the provisions for access control and a specialized
ventilation system. The containment laboratory must be an entire building or a single module or &
complex of modules within a building. In all cases, the laboratory is separated by a controlled access
zone from areas open to the public. Representative floor plans showing the separation of the controiled
area from public areas are shown in Figure 8 on the following page. .

Maximum Containment Laboratory: This laboratory has special engineering and containment fea-
tures that allow safe conduct of activities involving infectious agents that are extremely hazardous to the
laboratory worker or might cause serious epidemic disease. The maximum containment laboratory per-
tains to a BSLA facility. Although the maximum containment laboratory is generally a separate building,
it can be constructed as an isolated area within a building. The laboratory’s distinguishing characteristic
is that it has secondary barriers to prevent hazardous materials from escaping into the environment. Such
barriers include sealed openings to the laboratory, airlocks or liquid disinfectant barriers, a clothes-
change and shower room contiguous to the laboratory, a double-doored autoclave, a biowaste treatrent
system, a separate ventilation system, and a treatment system to decontaminate exhaust air.

E. Personal Protective Clothing and Equipment
{(Other than RPE)

1. Introduction

The main functions of personal protective equipment (PPE) are reduction of human exposure from
infectious agents; reduction of bodily injury from mechanical or physical hazards; reduction of bodily
exposure to chemicals and other toxic materials; and reduction: of human particulate matter from con-
taminating specialenvironments. When used in a medical, pharmaceutical, or biotechnology setting,
PPE should also enhance clinical technique and process hygiene. When selected and used properly, PPE
promotes process quality assurance, worker task confidence, and job safety.

PPE fall into thres broad classes:

« for preventing physical trauma;
« for preventing toxic chemical (solid, liquid, gas) exposures; and
« for preventing hazardous exposures to humans or their processes from agents of biological origin.

Each class can be further categorized depending on the body system it is designed to protect (e.g., eye
and face protection, respiratory protection, or hearing protection), and may be further differentiated by
the Mocn_ of safety protection that each provides from low, to intermediate, to high performance. Other
ation schemes for PPE include classification by specific occupatienal group (e.g., surgical or




Figure 8b.*
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Figure 8. Containment facilifies showing various arangements of space.

* This approach is acceptable but undesirable unless strict access control can be ensured.

laboratory worker apparel); classification by the barrier materials used (e.g., natural materials sucn as
cotton, leather, and natural latex, or man-made materials such as vinyl or nitrile); or classification by
degree of quality assurance (e.g., nonsterile, or sterile).

2. PPE for Biohazardous Activities

Biohazardous agents include microorganisms such as bacteria and viruses; biological materials that
harbor these pathogens or their toxic metabolic byproducts (such as blood and body fluids, tissues, and
cell cultures); infectious animals and insects and their products; biotechnology hazards associated with
the use of a living organism — ot parts of an organism — to improve plants or animals, or to genetically
engineer organisms for specific purposes; and particulate matter of human origin that contaminate in-
dustrial production processes.

PPE used to prevent bichazardous exposures have in common an overall purpose to prevent or control
transmission of infectious or pathogenic agents. Transmission of infectious agents occurs through two
major routes: direct transmission (such as direct contact) or projection via droplets directly into the mucous
membranes, and indirect transmissicn, which includes airborne (inhalation of infectious droplet nuclei or
other pathogenic particles such as allergens or endo-/exotoxins), vehicle-borne (such as in food or drink),
or vector-borme (arthropods) transmission. Each mode of transmission has been associated with occupa-
tionally acquired infection. Laboratory incident reports alone from the past 100.years have documented
more than 5000 cases of iaboratory-acquired infections and 200 occupationally related deaths./'?

Although most types of PPE may under certain circumstances provide for biological protection, true
biological protective equipment and clothing (BPEC) have important performance characteristics that
distinguish them from other forms of PPE and safety apparel. Some or all of the following key perfor-
mance attributes are shared by this class of PPE:

1. BPEC are designed to interrupt infection transmission of pathogenic, pyrogenic, or allergenic
exogenous biohazardous agents. Examples include these worn by heaith care, veterinary, and pub-
lic safety workers who have direct contact with infectious tissues or body fluids.

2. BPEC are designed to prevent the contamination of special environments or products from endog-
enous bichazardous agents and clothing lint. Examples include PPE wom by foodservice, phar-
maceutical, biotechnelogy, and “cleanroom” workers.

3. BPEC are designed to attenuate the effects of exposure if a bichazardous agent breaches the initial
protective barrier provided by PPE, Examples include protective undergarment apparel, glove lin-
ers, or fabrictreatments that reduce infection during war such as those applied to certain military
uniform components.

4. BPEC are designed to preserve the hluman body, or to inhibit microbial growth. Examples include
outer space garments, or barrier materials with surface treatments to reduce microbial growth or odor.

5. BPEC are designed to repel infectious arthropods. Examples include pesticide surface treatment of
barrier materials used by outdoor sportsmen and soldiers.

6. BPEC are designed to complement other classes of PPE and barrier methods when used against
extreme, unknown, or mixed hazards.

BPEC may also be used just like other classes of PPE for protection against physical and chemical
hazards; however, when measured against the six performance criteria identified above, BPEC in es-
sence perform a dual function. They provide the wearer with protection from biohazards in the external
environment, and some also provide the environment protection from biohazards generated by the wearer.

3. Existing Regulations and Enforcement

In the United States there is no single comprehensive federal regulation governing PPE uvse for workers
exposed to biohazards. However, several key standards by the U.S. Food and Drug Administration
{FDA) and OSHA require that PPE be worn and stipulate certain performance requirements for equip-
ment. Although there are numerous references to PPE in OSHA standards, few of them apply directly to
protection against bichazards. The following OSHA regulations mandate important aspects of PPE
usage and provide some guidance for their minimum performance in occupational settings in which
biological hazards mieht be encountered:




21 CFR 800.20 Patient examination gloves and sergeon’s gloves; sample plans and test
methods for leakage defects; adulteration :
Eye and face protection

Respiratory protection

Occupational head protection

Permit-required confined spaces

Fire brigades

Bloodbome pathogens

OQccupational expasure to hazardous chemicals in laboratories
Regulations for construction

Hazardous Waste Operations and Emergency Response {HAZWOQOPER)

29 CFR 1910.133
29 CFR 1910.134
29 CFR 1910.135
29 CFR 1910.146
29 CFR 1910.156
29 CFR 1910.1030
29 CFR 1910.1450
29 CFR 1926.28
29 CFR 1926.65

These standards often refer the employer znd employee to other guidelines and national consensus
standards that describe appropriate barrier equipment, infection control practices, PPE performance
criteria, test methods, and some selection guidance. The bloodborne pathogens standard is the most
specific of the OSHA standards on protection against bichazards. Its requirements will be discussed
later in this chapter.

The collective OSHA PPE standards (1910.132-137) were revised recently. The revisions were pub-
lished in the Federal Regisier (6 April 1994) and took effect in October of 1994, These changes, the first
in 25 years, reflect progress in industrial hygiene and occupational safety practices and in current stan-
dards by the American National Standards Institute (ANSI). OSHA expects that these revisions will
most directly affect the 1.1 million work establishments in general industry and their approximately
11.7 million employees. OSHA predicts that these revisions will prevent four deaths and save 712,000
lost workdays and 65,000 non-lost workday injury cases annually. Injury and illness reduction and the
prevention of worker deaths are anticipated from mandated hazards assessment activities and enhanced
employee training and documentation requirements.

The new revisions expand QSHA’s PPE enforcement authority into the areas of hazard assessment
and worker training. In compliance with the OSHA hazard communication standard (29 CFR 1910.1200)
manufacturers may also recommend specific PPE usage within spiil contro} guidance contained on
material safety data sheets. Employers would be prudent to comply with this guidance. In addition to
OSHA enforcement authority, the FDA is charged with the enforcement of exam and surgical glove
quality production regulations (21 CFR 800) under the requirements of section 501(c) of the Food,
Drug, and Cosmetic Act of 1990 (55 CFR 51256). This regulation allows the FDA to seize noncompliant
or misbranded domestic glove products and to detain imported gloves as “adulterated’” products.

States and localities have laws that alse apply to PPE. These laws vary from state to state, but it is not
uncommon for states to control the handling, treatment, and disposat of biohazards as regulated wastes;
thus, the disposal of used contaminated PPE may be subject to federal, state, and local infectious or
hazardous waste disposal regulations.

4. Existing Guidelines and Standards

Nationa} guidelines and occupational safety standards pertinent to the use of PPE to control exposure to
biohazards apply to the following workplaces:

» microbiological and biomedical laboratories:™

« research laboratories working with recombinant DNA;®D

+ “cleanroom” facilities;"®!¥ and

+ health care facilities, including:

. hospitals and ambulatory care facilities; 029

clinical diagnostic laboratories;#72¥

dental facilities;®31

. emergency medical operations and public safety services;®** and *
HIV/HBV production facilities. 494

rcascgpe

The following discussion summarizes these guidelines and provides current information about per-
formance or test methods for barrier materials and other important considerations in each of these work
settings. This discussion will not include the use, performance, and selection of chemical, physical, or
respiratory protective equipment used in hazard control. Respiratory protective equipment is covered in
Section F of this chapter. Employers should be aware that physical and chemnical hazards often coexist
with biological hazards and cannot be ignored in the PPE risk management process.

5. Microbiological and Biomedical Laboratories

The CDC guidelines for microbiological and biomedical laboratories make specific recommendations
for personal protective equipment and apparel use in laboratories that are classified into four biosafety
levels. BSLI has the lowest level of biosafety risk. BSL4 has the highest level of disease and environ-
mental hazard potential” Each safety level corresponds to the “Classification of Etiologic Agents on
the Basis of Hazard” contained in the NIH Guidelines for Research Involving Recombinant DNA Mol-
ecules.

Standard microbiclogic practice in both BSL1 and BSL2 1aboratories requires that laboratory coats,
gowns, or uniforms be worn to prevent contamination or soiling of street clothes. Special practices in a
BSL2 laboratory require that laboratory coats, owns, Of uniforms be worn while in the laboratory and
that before leaving the laboratory for a nonlaboratory area {e.g., cafeteria, library, administrative offices)
the laboratory clothing be removed and left in the laboratory. Although it is acceptable to cover the
laboratory protective clothing with clean protective clothing not used in the laboratory when leaving the
laboratory for a nonlaboratory area, it should be discouraged to the extent possible since common labo-
ratory activities involve toxic chemicals, radionuclides, and microorganisms. Wearing these garments to
the cafeteria, library, or meeting place defeats the original purpose of the PPE and safety apparel and
provides a mechanism for spreading contamination to other locations and persons. Standard microbio-
logical practice also prohibits cating, drinking, smoking, applying cosmetics, and storing food in the
work area. The majority of all research, diagnostic and production laboratories operate under BSL1 and
BSL2 safety precautions. :

Oceupational safety at BSL3 relies heavily on primary and secondary containment barriers, adminis-
trative controls and facility design. Unlike organisms sequiring BSL1 or BSL2 containment, BSL3
organisms can be infectious through an aerosol route of exposure and might cause setious illness and
potential environmental hagzard if uncontrolled. BSL3 special practices also require that laboratory clothing
worn in the laboratory not be worn outside the laboratory. Front-buttoned lab coats are unsuitable,®”
Used laboratory clothing must be decontaminated before being laundered. Other forms of personal
clothing such as raincoats or hats shouid not be stored in the laboratory work space. Entry into the lab
area must be through controlled access. Only authorized persons essential to research or facility support
needs are allowed access. Persons under the age of 16 may not enter a BSL3 laboratory, and animals or
plants not related to the experiments are not permitted in these laboratories. General principles for
handling infectious wastes and contaminated PPE such as those contained in the National Research
Council’s Biosafery in the Laboratory: Prudent Practices for Handling and Disposal of Infeciious Ma-
teriais™ and the National Committee for Clinica! Laboratory Standards’s Clinical Laboratory Waste
Management (Approved Guidelines, 1993 )% are to be enforced in this work setting.

BSLA4 biological agents present life-threatening potential to the worker, or they may initiate an cutbreak
of disease if released into the environment. BSI 4 facilities are extremely sophisticated in terms of contain-
ment and decontamination design. BSL4 special practices require that street clothing be removed and

¥ stored in an outer clothes-change room. Complete sets of laboratory clothing, including undesgarments,
4 pants and shirts or jumpsuits, shoes, and gloves are provided and used by all personnel entering the facility.
" When leaving the laboratory and before proceeding into the shower arez, personnel remove their labora-
tory clothing and store it in a locker or hamper in the inner change room. Soiled laboratory clothing is
autoclaved before laundering. It is not uncommon for whole rooms to be designed like a Class LT biologi-
cal safety cabinet and for workers 0 walk into this area to perform tasks. The apparel wom in this situation
is usually a one-piece, positive-pressure suit ventilated by a life-support system. The room is equipped
with a chemical shower to disinfect the suit on exit. Access to these facilities is strictly controlled. Members
of the lab staff must have specific and thorough training in handling agents and the operations of equip-

O » upervision.




Tnits Biosafery in Microbiological and Biomedical Laboratories guidelines,"” the CDC also ad- " arments. These options include the use of carbon, nickel, or aluminum fibers woven into the fabric; a

Iresses biosafety and PPE recommendations for workers in vertebrate animal research facilities. The
ame four-level format is used, but levels are redesignated as animal biosafety levels. Though essentially
he same, three additional PPE apparel precautions are recommended for additional safety in animal 3

aboratories. These precautions require that lab coats, gowns, or uniforms not be worn, even with over:

;arments, into any other facility location beginning at the level of ABSL-1; that an appropriate respira-
ory equipment protection program must be in place at all ABSL levels; and that at ABSL-3, only wrap-
round or solid-front gowns or uniforms be worn by personnel entering level 3 facilities. The use of
ront-buttoned lab coats is specifically discouraged. Head and shoe covers should be available at ali

riosafety levels and should be worn in ABSL-3 and ABSL-4 facilities. These modifications are based on

he higher levels of soiling common in animal Hm.ooammoQ facilites, and from the hazards of airbome
flergens generated by the animals or their bedding materials. The OSHA occupational exposure to 3
\azardous chemicals in laboratories standard (29 CFR 1910.1430) also contains similar recommenda-
sons for animal researchers to maintain higher levels of PPE precautions because of the hazards associ-
ted with incomplete suppression of aerosols. Further information related to animal research, PPE, and -
nstitutional laundering of animal worker apparel is contained in NIH’s Guide for the Care and Use of

“aboratory Animals, published in 1985.4%

3. Recombinant DNA Research Facilities

[he NTH guidelines for recombinant DNA research also require the use of protective clothing and equip-
nent in BSL2, BSL3, and BSL4 laboratories.™ The use of laboratory clothing is eft to the discretion of the -

yroject supervisor in BSLI laboratories. The lab director or production supervisor must make an assess-

nent of the activities conducted and select practices, containment equipment, PPE, and facilities appropri- 3

ite to the risk, regardless of the volume or concentrate of agent involved. Laboratory clothing should not be
vorn outside these facilities or to amy nonlaboratory area within the facility. For BSL3 and BSLA facilities,
he use of area-specific colored laboratory clothing is recommended as a means for monitoring the move-
nents of personnel, sterilization, and laundering practices, and for disposal of clothing.

All reusable clothing wom in BSL1 facilities can be discarded into 2 closed container and laundered in .

1 conventional manner, Reusable clothing from a BSL2, BSL3, or BSLA4 lzboratory should be placed ina
slosed container and subsequently sterilized before laundering. Disposable clothing that is grossly con-
aminated should be wetted down with the appropriate disinfectant and autoclaved prior to final disposal.

7. Cleanroom Facilities

45 of publication of this manual, no federal reguiations require manufacturers to use cleanrooms. Manu-
‘acturers veluntarily elect to use this type of technology to increase end-product quality and establish
nore efficient manufacturing processes. The human body generates a“bicburden” on the manufacturing
srocess throngh the constant shedding of skin cells and by the generation of moisture droplets during
-espiration. The resulting rate of environmental contamnination increases in both forms as humean activity
ncreases. The body and street clothing also carry dust, hair, textile lint, cosmetics, perfume, and tobacco
smoke particles, If uncontrolled, these forms of biglogical contamination can have adverse effects on
nanufacturing processes. To control this form of biohazard, cleanroom garments are used in the
“oodservice, medical implant, biotechnology, pharmaceutical, electronics, film-processing, optics, and
erospace industries.

Cleanroom apparel is used to reduce process contamination by particulate material from the human
sody and lint from clothing. It may also provide chemical protection from high-purity pharmaceuticals
3r solvents common in the semiconductor industry. There are two basic types of protective garmenis
>ased on the level of quality assurance provided during manufacture: “cleaned” and“sterilized.” Cleaned
zarments commonly are used in electronics, semiconductor, and computer industries to meet their pro-
duction process needs in reducing risks from static electricity and particulates. Sterilized garments are
used in medical, pharmaceutical, and biotechnology industries where assurance of sterility is important.
Both woven (e.g., continuous-filament polyester yarn — not natural yams) and nonwoven polymer
fabrigs are used in the construction of this appare! because of their ease of gamma irradiation steriliza-
ton. When electrical conduction is critical, there are three selection alternatives for static contro! in

& per cubic foot of air. :
this issue. Nor does 209E define cleanliness values for objects or products (e.g., M&Ema@. Cleanroom ap-
4 parel itself is manufactured in cleanrooms meeting at least Class 10 or Class 100 &ir quality levels.

: ployers select garments o meet specific pro .
A production facilities, however, must also comply with 21 C

topical (cationic antistatic tinse) surface treatment; or biconstitnant yarns that contain a conductive core
@ fiber for static charge control. Some static dissipative or conductive gloves are mamefactured ﬁm_ﬁwﬂ
military performance standards for static control, such as MIL-STD-1686B and MIL-B-81705.%"

Cleanzoom air is classified according to federal standard 209E, Airborne Particulate Cleanliness Classes

: in Clegnrooms and Clean Zones!™ In federal standard 209E, air cleanfiness is mnmnma. by the number of
“sirborne particles (0.5 pm and larger) pet cubic foot of air. There are six common air quality classes: Qm.mm 1,
10, 100, 1,000, 10,000, and 100,000. Each class number is equal to the totat acceptable number of particles

Airborne particles can be either viable or nonviable, and 209E makes no distinction on

For a Class 100,000 room, apparel includes bouffant cap or hood with full hair cover, beard cover,

coveralls or zippered frock, footwear and gloves. I a Class 10,000 room, a hood Bu_mnnm.. the cap. Class
1,000 rooms usually require full coveralls rather than the zippered ﬁnonw. Class 100 requires a full head
cover with open face or full-protection hoods, and a Class 10 g&nomémﬁ nnEubnm 2 more complete
A facial coverage. The stringency of these recommendations increases ,E.E m._m area density of employees.
Anincrease in the pumber of workers creates 2 corresponding increase in bioburden, and the demand for

environmental regulation in terms of air Gltration capacity. Flexibility in these guidelines depends on the
admiristrative controls established by the employer for cosmetics, colognes, and perfumes, or the Hne.w_
of available plant technology to regutate air filtration, airflow direction, velocity and turbulence, and air
volume replacement.

Cleanroom apparel manufacturers usually do not certify garments by air ciass nmnnmm. Rather, em-
duction requirements. Garments used in pharmaceutical

FR 820 specifications for food and drug
handling. Selection of cleanroom apparel is based on hazards present w.ﬂ the io«w mmﬂmpmw no_.muwp Jmﬂg
(chemical/physical) PPE test performance standards; garment cleanliness m:amr.nnm. contained in En
recommended practices of the Institute of Environmental Sciences (IES) ﬂongbmﬁo: Ow_ﬂ.ﬁdw Divi-
sior;®® and ©U.S. Phammacopeial Convention (USPC) m&aomuom.:a ASTM is developing ma&amna mﬁmﬁ.
dard test methods, 2nd the ANSVISEA 101-1993 Americen National Standard also provides dimension
guidance for limited-use coverall size determinations.

Garments used in the foodservice industries (beard covers, bouffant caps, shoe covers, aprons, gloves,
etc.) are not manufactured to the same level of guality wmmca.uoo as n_nmm. room apparel. Gloves meﬁ
comply with FDA/USDA food processing standards for use i nenmbnu with food (21 CFR 177.1520)
and food-colering materials (21 CFR 175.300). Some gloves nonB.E absorbable cornstarch as a dofi-
ning lubricant. Lubricant comstarch must comply with USPC Hmnﬁnoa.nmnw..é O\Bnm work wear (e.g.,
aprons, haimets) do not require USDA review or approval bat are subject to o<m€.unoa for mnomvﬁw_.u_n
performance or cleanliness standards by any TUSDA inspector, or by state orlocal public health foodservice
inspectors at the point of use. . . .

Bioprotective performance of cleanroom apparel is achieved or enhanced by:

+ Fabric construction material {containment or filtration of airbome pafticulates _E.mmw than o.,m
microns). In general, ponwoven fabrics release less lint or vmﬁm&wﬁw than iosu.., fabrics. Multi-
layered material construction provides more particle and liquid holdout than single layer con-
struction.

« Garment design and contoured fit (rminimize billowing).

Closure design (collar, cuff, and zipper designs).

« Seam technology (serged, bound, or sealed seams). . ‘ )

Antistatic finish, conductive yarn, of biconstituant yams (reduce static electrical discharge and the

tracking of particuiates into clean/sterile environments). )

+ Cleaning, sterilization (gamma jrradiation), and packaging assurance during garment manufacture.

« Concomitant use with other PPE (gloves, goggles, and face coverings). )

» Surface texture. (Correct donning requires the smooth side of the nonwoven fabric to uw worn ol
the outside. This promotes particles shedding to the floor rather than clinging to the uniform.)

+ Durability to repeat cleasing (reusable garments).




8. Health Care Services

The CDC recommends using appropriate PPE as part of Universal Precautions to take when contact
with blood or body fluids is anticipated.®™ The OSHA bloodborne pathegens standard defines PPE as
specialized clothing or equipment worn by an employee for protection against a hazard. It further stipulates
that general work clothing (such as uniforms, pants, shirts, or blouses) not intended to function as protec-
tion against a hazard is not considered to be PPE. PPE includes — but is not limited to — gloves, gowns,
lzboratory coats, clinic jackets, shoe covers and boots, face shields, masks, and eye protection; and equip-
ment used in cardiopulmonary resuscitation (CPR) such as mouth pieces, resuscitation bags, and pocket
masks. The standard requires that the level of protection afforded by the PPE be “appropriate” to the
expected exposure. PPE js appropriate only if it does not permit blood or other potentially infectious
materials to pass through to reach the employee’s work clothes, street clothes, undergarments, skin, eyes,
mouth, or other mucous membranes under normel conditions of vse, and for the duration of use.

The performance crientation of the standard for PPE relies on the employer to select appropriate PPE.
It also focuses on the issue of the effectiveness of PPE when challenged with biological hazards, Al-
though various PPE have been used in the health care setting for many years, its actual effectiveness
against microbiological penetration has been pursued most actively pursued in research since the advent
of the AIDS pandemic.

Body Protection

Biomedical researchers, laboratory workers, and health care providers use combinations of components
to devise an apparel system (pants, lab coats, aprons, sleeve protectors, etc.) for general body protection
from daily soiling and splattering. There ate disposable and reusable fabric options to meet both clinical
and environmental needs. In general, reusable apparel is made from woven fabrics {e.g., cottor/polyes-
ter yarn) or nonwoven polymer fabrics. Woven fabrics are usually surface-treated to enhance liquid
resistance and give them antistatic properties. Reusable nonwoven fabrics, commonly made from poly-
ester and polypropylene, are manufactured as either spun lace, spunbond, or spunbond/meltblown/
spunbond compositions that may be reinforced with breathable or nonbreathable polymer films or coat-
ings. Reusable apparel may be constructed of single or multilayers of similar or dissimilar fabrics and

coatings. Film coating may be microperous (breathable) or nonporous {nonbreathable). Disposable ap-

parel is most often composed of 2 nonwaven polymer fabric {e.g., polyester/polyolefin) constructed as
a single-layer garment. The single-layer fabric, usually a spun lace, is often provided a water repeilant
surface treatment or antistatic finish.

The barrier efficiency of these fabrics to liquid penetration, or “strike-thru,” is variable. In general,
woven matedials and single-layer materials provide the Jeast amount of strike-thru protection. Reinforced
or layered materials provide better strike-thru protection than single-layered garments. Garments con-
structed of refnforced fabrics with film or polymer coatings can achieve the highest level of strike-thra
protection, Unfortunately, the comfort of these garments in terms of vapor and heat transfer is generally the
converse of liquid resistance. Garments composed of nonwoven polymers reinforced with nonporous film
coatings may be uncomfortable to wear for extended periods. Since strike-thru protection varies by the
type of material construction used in the garment, selection must be based on the amount and frequency of
tiquid exposures predictable in the workplace, the overall design integrity of the garment, the liquid-
resistance propeties of the selected apparel material, and the overall level of integrated protection provided
when multiple apparel components (such as when shoe covers, pants, iab coats, and face protection} are all
worn together. To reduce exposures to the forearm from either liquid chemicals or body fluids, OSHA's
bloodborne pathogens and occupational exposure to hazardous chemicals in laboratories standards recom-
mend that long-sleeved garments be used rather than short-sleeved attire.

There are standard test procedures for determining the permeability resistance of clothing materials.
Most clinical apparel mannfacturers historically have used procedures to determine liquid resistance using
air permeability, water repellency, and water resistance 23 standard protocols. Although water may be a
common liguid for testing, it does not have the same physical and chenical properties as a biological fluid
such as blood. Human blood possesses unique liquid properties such as a low surface tension (42-60
dynes/em vs. 72.8 for water) that allows it to readily penetrate fabric materials. Traditional methods to
eualnare Tianid nenatration of sarments are suboptimal since they are poor models for blood penetration

.E_a they do not evaluate microbial penetration. Concern about potential exposure to microbial pathogens
in body fluids has led to the development by ASTM and others of newer test methods using surrogate
pathogens and fluids. Biopenetration test methods will be addressed in the glove section,

. Historically, two types of general overgarments have evolved as preferred work wear in the lab set-
ting: gowns and front-buttoned white coats. Each have benefits and drawbacks. Front-butioned white
coats look better to the worker and may project an elevated status. Coats may be easier to don and
remove, especially in an emergency. If left unbuttoned they offer no protection. They may offer litle
protection to the legs, knees, or thighs when sitting. Open cuffs allow aerosols and spillage to enter the
sleeve. Even when buttoned, some do not protect the neck area from splash. Gowns tied behind the back
might be slightly harder to temove in an emergency; however, wrap-around, solid-front gowns equipped
with knitted cuff designs eliminate many cross-contamination and compliance problems permitted by
lab coats, Unfortunately, neither of these overgarment types is well-suited for the emergency medical
service (EMS) setting where kneeling, space constraints, and otber environmental hazards dictate other
apparel mﬁmom.amsoo. Modem one-piece jumpsuit or coverall designs are apparel systems that offer
much utility and can offer integrated safety features in a variety of work settings, including those in the
public safety or EMS setting.

Work with certain explosive gases, or with hot surfaces or in hot environments, may require PPE to
Emnﬁ. additional performance characteristics. PPE may be selected that has been manufactured to meet
specific flammability resistance and efectrical resistivity. Where required, fzbric environmental pesfor-
mance characteristics should comply with appropriate standards. Fot example, PPE fabric used in the
hospital operating room where flammable anesthetizing gases are still used must comply with the fed-
eral Flammable Fabric Act (16 CFR 1610); the NFPA 99 standard for health care facilities (1993);#® and
NFPA 701, Methods of Fire Tests for Flame-Resistant Textiles and Films (1989).47 '

Biosafety performance of body apparel is achieved or enhanced by:

leve] of quality assurance provided during manufacturing;

Emnon& barrier effectiveness, which includes biopenetration resistance to bleodborne pathogens.
Irquid and hydration resistance, and general chemical resistance. |
tensile characteristics (cut, tear, and abrasion resistance);

overall ergonomic design (fit comfort, and skin coverage area);

overall integration of cuff, zipper, closure, and seam design technology;

ability to reapply liquid-repellant surface finishes (woven reusables);

durability and resistance to wear degradation if subject to reuse after institutional laundering, such
as with woven cotton garments; and ,
static control and flame resistance.

Face and Eye Protection

Prior to the AIDS pandemic, protective eyewear was described as the most commonly used form of
worker PPE.“® Today, glove usage in the health services sector may be a close challenger to the annual
consumption of protective eyewear worn in other industrial groups. Regardless of the level of user
acceptance achieved by eyewear protection products, the eyes and face of workers need to be protected
from four basic hazards, including: 1) impact hazards from processes that generate projectiles; 2} splash
hazards from processes that involve wet, dry, or molten materials; 3) radiation hazards from processes or
natural sources that might generate electromagnetic radiation (such as laser, microwave, UV, X-rays,
and gamma rays) and thermal radiation sources; and 4) eye fatigue hazards associated with visible direct
light that is too bright or too dim, and glare and reflected light.

Eye and face protection is mandated by the OSHA general industry and construction standards (Parts
1910.131-133 and 1926.102, respectively). Certain levels of performance are subject to test methods
established by ANSE The ANSI Z87,1-1989 standard establishes impact and other performance stan-
a.mam and provides selection guidetines for eyewear and face protection devices for protection from
liquid splash hazards.“” Laser eyewear worn in the medical setting must comply with the test methods
in ANSI ZB7.1-1989 and ANSI Z136.1-1993,%0 ANSI Z136.2-1988,°" and -ANSI Z136.3—1988.6%
Face protection for firefighters must comply with the NFPA 1999 standard. Protective Clothing for
Emergency Medical Operations.®® ,




tilation, and appropriate respirators and eye @noﬁnaou may all be needed to control hazardous of
tions that involve blending, mixing, stirting, grinding, or disintegration of biclogical materials.

The federal bloodborne pathogens standard enbances OSHA's eye and face protection stand
CFR 1910.133) to include protection from exposures to mucous membranes of the eye, nose, and m
Health care warkers and others at risk from facial splatter or splash from body fluids must pro
themselves by the concomitant use of multiple protective apparel (i.e., spectacles or goggles
clinical face mask), by a combination faée mask and splatter shield, or by spectacles or goggles W
under a face shield. When full face shield devices are worn, they must be at least 6 in. in length and 3
extend past the orbit (suborbital ridge) of the eye to prevent direct contact with the conjunctivae of the
eye. Face shields are not a substitute for spectacles or goggles because they may easily allow' some
particles to pass around or under the shield. For this reason,spectacles or goggles should be worn ut
full face shields. Full face shields may be equipped with either top or bottom crowns, or both. .m%
crowns provide added protection against falling objects, glare, and the possibility of liquids mnvﬁmmm
down inside the visor. Bottom crowns provide added protection to the chin and neck from flying debris
and splatter. If safety spectacles are worn, they should be provided both solid side m?ma_um ma
browguarding to control hazards from direct liquid splash or splatter.

The revised OSHA PPE rule on eye and face protection contained in 1910.133 mandates that 9.089
tive eye and face equipment purchased after July 5, 1994, must comply with ANSI Z87.1-1989 or be *
demonstrated to be equally effective. Similar devices purchased before July 5, 1994, must comply 35
ANSI Z87.1-1968 or be equally effective.

Biosafety performance of eye and face protective devices is achieved or enhanced by:

liquid-resistant construction;

spectacles with solid side shields and browguards;

* goggles with indirect venting designed against liquid and airborne dust penetration; :
H&E%Enﬂ shields and goggles that extend past the orbit of the eye and that preserve peripheral
vision;

face shields with liquid-proof crown brims with overhangs that prevent flvids from dripping down

* durability and resistance to degradation if subject to reuse after cleaning, disinfection, and sterilization.

PPE for Emergency Resuscitation

The GSHA bicodbome pathogens standard defines PPE as specialized equipment worn by an employee
for mp.onws.mo: against a hazard. It further stipulates that PPE includes emergency cardiopulmonary re-
" suscitation (CPR) equipment such as mouth pieces, resuscitation bags, and pocket masks. CPR PPE is
used as an emergency temporary physical barrier between the mouth of 2 CPR provider and the mouth
or mouth and nose of a person needing respiratory assistance. PPE may also be used by ventilator
transport teams during patient transport between heaith care facilities. There are basically two classes of
CPR equipment: the exhaled-air pulmonary resuscitators, also known as mouth-to-mouth face shields
and pocket masks; and manual resuscitators, also known as bag-mask or manua! pulmonary resuscita-
tors, Pocket masks and bag-mask systems are available as either manval or powered devices. Pockat
masks and bag-mask resuscitator systems cover both the nose and moutk of the victim. Mouth-to-mouth
face shields cover mainly the mouth of the victim and might not always seal over the nose. Different face
shield devices offer varying degrees of facial coverage. All are approved and classified by the FDA as
Class I medical devices. The use of CPR and emergency cardiac care barrier devices should comply
with the joint standards established by the American Heart Association and the American Red Cross 5359
and ASTM test methods for safety and performance (ASTM F920-85, Minimum Performance and
Safety Requirements for Resusciiators Intended for Use with Humans) .55 Hydropheobic and bacterial
filters used in face shieids and bag masks have not been well-studied and their effectiveness is not

-

inside the visor;
ability to be easily disassembled for lens/shield replacement, cleaning, or disinfection; and E

-9 Although CPR barrier devices are generally considered an effective barrier to prevent the trans-
ssion of most bloodborne pathogens, including FIV and HBYV, there remains a theoretical risk of
action from herpes simplex and airborne diseases such as tuberculosis," depending on the safety
gn of the device used.

w_ommmwQ performance is achieved or enhanced in CPR protective devices by:

fea

= liquid- and chemical-resistant construction;

solid shielding of airway/bite block, lip, nose, mouth, and hand contact zones;

one-way or nonrebreathing exhaust venting design;

dome depth, conforming mask cup/cushion for face fit seal, and angular design to accommodate
facial anatomical diversity and to accommodate tracheostomy, endotracheal, and nasotracheal
tubes; ~

+ transparent domes, masks, and shells to allow visualization of lip color or secretions;

leakproof seals and leakproof cuff design;

hydrophobic breathing filters with bacterial filter efficiency equal to or greater than 95%.
adjustable head straps;

capped oxygen inlet for mechanical administration of supplemental oxygen;

mouthpiece, flexible extension tubing, and directed backflow venting to reduce rebreathing of
exhaled gases;

bag surface textaring or “tackiness” to promote grip under wet and vigorous use;

bag tensile strength for high stroke volume and fast recycling rate;

» wide range of sizes to accommodate any adult, child, and infant;

pressure relief pop-off valve for child and infant resuscitators;

standardized (15 mm inside/22 mm outside) mask connector;

ability to be assembled easily and quickly, or disassembled (if reusable) for filter, dome, cushion
replacement, cleaning, or disinfection; and

durability and resistance to degradation if subject to reuse after cleaning, disinfection, and mﬁonwmmana

.

loves

 Gloves are worn as a dermal barrier to reduce worker and patient exposure to bleod, body fluids, chemi-
cal-liquids, and certain other physical, mechanical, radiation, and electrical hazards present in the re-
search, health care, and laboratory settings. Generally, three types of gloves are used:

« Surgical gloves are sterile gloves made of latex, neoprene, or latex coated with polymer membrane
or coating materials to optimize elasticity, tensile strength, ergonomic fit, and tactility. They may
be provided with a dry donning Jubricant. “Hypoailergenic™ surgical gloves are available 0 re-
duge risks associated with latex sensitivity in the wearer or patient. These are either specially
washed latex gloves or latex gloves combined with exterior layers of syathetic polymer or films
materjals to reduce shedding of soluble latex proteins.

« Examination gloves are nonsterile gloves made of latex, plasticized polyvinyl chloride, or from an
expanding variety of polymerized alkene materials (e.g., polyethylene, acrylic nitrile/butadiene).
They generally provide moderate fit, are usually thicker than surgical gloves, and may be obtained
with or without donning lubricants. Surgical and exam gloves are regulated as Class I medical
devices by the FDA.
The third glove type is the general purpose urliry glove. These are nonsterile gloves, usually
constructed of much thicker rubber or synthetic materials such as those commonly used for house-
keeping procedures. Surgical and exam gloves are intended to be used once and appropriately
disposed. General purpose utility gloves may be reusable. Since utility gloves are not intended for
clinical use, they are not regulated by the FDA. Certain special high performance gloves (such as
lead-lined gloves common in radiology departments or cryogenic safety gloves used in clinical
laboratories) can alsc be considered utility gloves,

Glove selection is based on a combination of objective and subjective criteria that best meet overall

4 practice needs of the worker, the patient, and the task. The goal of glove selection is to reduce multiple

1 chemical, physical, and biological risks to an individually determined acceptable level. The immediate




objectives in the selection process are to assure to the extent possible a prolonged protectivé 1o
the worker, control of adverse side effects to the worker or patient (nosocomial or iatrogenic fifection
allergic reaction/and other injuries), and reduction in the transfer of transient microbes endotoxing; and
pyrogens to the patient, clinical and diagnostic specimens, or to the environment such Ma in cleanroon

Meeting objective selection criteria (e.g., FDA leak test certification, a unit cost objective, chem

7

resistance, or clinical criteria such as requirements for sterile or latex-free gloves) is often easier than

meeting subjective criteria. Key subjective selection criteria include the clinical procedure; th

of barrier protection required over time; case-specific hazards presented to the clinician and o the 2

nm.aﬁ.,n .RE performance characteristics such as comfort, fit, and feel. Additional subjective selection
criteria include product degradation; presence orldck of anti-microbial constituents; and glove pack=
aging considerations. R

9, Glove Performance Measurements

There ate various barrier performance test methods for gloves, They include:

visual examination (macroscopic and microscopic, including the electron microscope);
electroconductivity;

dye test (UV light/spectrophotometric);

air leak tests;

water jeak tests;

bacteriologic (B. stearothermophilus/S, aureus) penetration;

viral (polio/HSV/HIV/bacteriophage ¢-X-174) penetration; and

radiological (fodine) leak tests.

LI A

*

Today .m._ﬂ.m are various standard test methods, proposed test methods, and emergency test standards
that .mvooH.QO:v, address barrier clothing, gloves, and microorganisms. With the exception of military
specifications, all glove test methods are consensus standards.

European test standards {ENs) for protective gloves have been devised by the Commitiee for Euro-

pean Normalization (CEN)-Technical Committee 162 (CEN/TC 162). These include EN 374-1: “Pro-
tective Gloves against Chemicals and Micro-organisms (Part 1: Terminology and Performance Nmbanm.
ments)’; EN 374-2: “(Part 2: Determination of Resistance to Pepetration)”; and EN 374-3: “(Part 3:
Determination of Resistance to Permeation by Chemicals)”. They are the European equivalent to Sm
American ASTM and NFPA standards on biopenetration of gloves and other protective apparel.

For more information, contact the ASTM F-23 Technical Advisory Group liaison (Steve Mawn) at
(215) 299-5521 or the NFPA staff liaison (Bruce Teele) at (617) 770-3000. The ASTM general informa-
tion number is (215) 299-5585; the NFPA general information number is (617) 770-4543.

In the United States, organizations such as ASTM, NFPA, and the IES have developed similar test
methods. To address concerns about holes in gloves, the ASTM D-11 committee recently revised the
.mQ.an .‘.».mﬂg water leak test methods for surgical and exam gloves (ASTM-D3577 and ASTM-3578)
:ﬁw a single test method — ASTM-D5151 (1990) — which increased its detection sensitivity.” This
revised ASTM test method is essentially identical to the test method currentiy used by the FDA's Center
for Devices and Radiological Health for leak testing and medical glove approvals, The FDA leak test
method is described in 2! CFR Part 800.20.

vwnmqmmcz occurs when a liquid flows through an opening — usuaily a micropore, melding impet-
fection, tear, pinprick, or faulty seam in the glove material. The injtial barrier quality of gloves varies by
manufacturer due to differences in material formulation (raw materials, additives, combinations) and
manufacturing process {forming, stripping, drying, leaching, chlorination, lubrication, sterilization, and
process control)."™ The result is the possible formation of defects in the initial barrier matrix omqnos.
gloves. The FDA leak test measures penetration, and allows for the existence of not more than a 2.5%
defect rate (i.e., not more than 25 defective gloves per 1000} for sterile surgical gloves, and not &Gﬁ
than a 4% defect rate in nonsterile exam gloves. For regulatory purposes, the FDA refers to this as the
adulteration level,

Both ASTM D5151 and the FDA leak test are lab-based tests measuring manufacturing defects or
holes. As such, they ensure manufacturing and marketing uniformity, 2nd only indirectly promote en-

Other factors that decrease fluid resistance are forces such as pulling, pushing, and twisting; the

g :hility to withstand compression and abrasion: and the ability of 2 glove to resist hydration during long
F patient-care procedures. Clinical barrier effectiveness is measured differently in diverse work settings.
EThe amount of fluid contact in surgery can vary depending on the anatomical site. In the public safety
setting, emergency medical technicians (EMTs) face hazards from sharps and chemicals in addition to
 body fluid exposures. The duration of fluid-glove contact may be brief or prolonged. Duration, fre-
f quency, and nature of exposures, therefore, are key factors influencing barrier efficiency and selection.

Afeer ipitial production quality assurance, any glove's performance becomes exposure event-related.

 Permeation is an indication of how long gloves may be worn in the presence of a neat chemical, usually
‘expressed as breakthrough detection time and measured in minutes, Degradation is an indication of how
2 long gloves will Tast under conditions of increasing hydration, and js measured as percentage of weight
§ change. Using this type of lab data, gloves can be selected for the highest chemical resistance and

degradation rating for the planned task.

Contemporary refinements in glove testing methods center on detecting blood and pathogen penetra-

tion through the glove barrier. ASTM F-23.40 committees are developing penetration test methods for
determining body fluid leaks with synthetic blood, and a viral penetration test using a bacteriophage

surrogate (¢-X-174) for the AIDS and hepatitis viruses. Test sensitivity is measurably enhanced by

detecting actual pathogens rather than just air or Hquid penetration. These pass/fail test methods are
designated as ASTM ES (Emergency Standard) 21: Test Method for Resistance of Protective Clothing
Materials to Synthetic Blood and ASTM ES 22: Test Method for Resistance of Protective Clothing
Materials to Penetration by Blood-Borne Pathogens Using Viral Penetration as a Test System.® ES-21
incorporates a solution of synthetic blood, which has surface tension similar to that of whole blood. ES-
21 is a visual screening test to see if blood will quickly soak through a barrier under pressure. It might

be most useful when estimating whether a garment, such as a lab coat or surgical gown, is liguid-
resistant and a potential fluid barrier. If the blood soaks through the bartier in the ES-21 test, it fails
either criteria, If the blood surrogate does not visually penetrate the barrier in the ES-21 test, then the
ES-22 test (whick is a standardized microbial assay) is performed. This step determines whether the
garment is resistant to microbial {viral} penetration.

Since it is known that a very small quantity of body fluid can carry significant (infective dose level)
quantities of virus, ES-22 incorporates a virns (bactetfophage ¢-X-174) that was selected for its size (at
27 nm, it is smaller than both HIV and HBV) and spherical morphology, environmental stability, ease of
laboratory detection {detectable at | viral particle per mL), and the ahsence of pathogenic activity in
man. The test is a pressure test that uses the ASTM F903 test apparatus common to chermical permeation
studies. A garment passing both ES-21 and ES-22 could be considered liquid-proof and a “‘viral barrier,”
and acceptable in terms of achieving the highest level of biopenetration barrier performance. Under the
performance requirements of the OSHA. bloodborne pathogens standard, failure to pass the ES-21 test
would indicate an unacceptable barrier for exposure protection from blood and body fluids. Passing the
ES-21 test mightindicate that a garment is suitable to situations in which minor or intermittent splatter
occurs. Although a passing performance in the ES-22 test demonstrates 2 garment that should resist
higher levels of bjohazardous liquid contact, the ES-21 and ES-22 tests do not evaluate the whole glove
or garment. Test results only indicate initial biopenetration resistance. With prolonged exposure, any
garment’s biopenetration resistance will degrade.

At present, only a small number of glove manufacturers can produce gloves of medical thickness
{approximately 0.15 mm~0.25 mm) that can pass the ES-22 biopenetration test. Exam gloves that can
pass the ES-22 performance level might be considered by health care workers for a variety of applica-
tions. These include their potentiz] use by latex-sensitive workers if they are latex-free polymer gloves;
use as microbial barrier when minor skin conditions exist; when manipulating highly concentrated bio-
logical materials; or perhaps as a glove cardidate for direct patient care procedures when double gloving
for high risk patient care activities.

The most comprehenstve petformance-related garment standard for bivlogically protective apparel is
the NEPA 1999 standard (Protective Clothing for Emergency Medical Operations).® This standard,
devised for firefighters who also conduct emergency medical services, identifies performance standards
for a range of ensemble components, including garments, gloves, and face protection devices. The stan-
dard ipcludes the ASTM £S-22 test method and other test methods, including abrasion resistance, flex-




| fatigue, watertightness, tear resistance, heat resistance, certain chemical degradation tests, and light
1smission tests. Until more sophisticated test mecthods are developed, a glove or garment i passes

NFPA 1999 standard can be expected to provide protection for the wearer from multiple rmum.au
:ountered in the pre-hospital environment.

Microbial Permeation and Penetration of Gloves

gical and exam gloves constructed from either vinyl or latex materials should not be regarded as

apletely impenetrable barrers to microorganisms. This is due to the aliowable proportion of variation
fects) in the FDA acceptance quality level for surgical mum exam gloves which results from the manu-

uring process, and the increasing porosity of these <mQ thin barriers over time due to the hydration

:ct. Hydration can cause swelling of the barrier matrix, which allows for more efficient wetting of any
sting pores or defects, and this can promete increasing breakthrough properties over time. Several

robial penetration studies have demonstrated that both bacteria and virus are capable of penetrating :

25 in atex and vinyl gloves used in the medical setting.®®% However, it has yet to be demonstrated
. microbial agents can permeate the molecular pore space of gloves,

“he barrier efficiency of gloves can also be influenced by physical, mechanical, and chemical damageto

glove barrier. Physical damage to gloves may be caused by stretching during donning and use, electrical

as from electrocautery and laser devices, or by environmental degradation during storage. Examples of |

ironmental degradation include the effects of heat, humidity, oxidation, jonizing radiation, ozone, and
aviolet light from the sun or flucrescent lights. It can oceur from acid and base oxidation caused by human
spiration ot latex, or from exposure to certain Iubricants and hand creams. Mechanical damage ¢an occur
n abrasion, laceration, and glove punctures that occur during surgical procedures and routine patient care
vities involving sharp objects (bone edges, staples, scalpels, wires and needles, syringes, clamps, etc,).
‘mical damage to gloves results from exposure to institiional disinfectants, solvents, liquid adhesives,
antineoplastic and other chemical and therapeutic dmgs. There also are several studies that have docu-
ted the lack of awareness in glove users to a high percentage of both the permeation and penetration
radation in thejr gloves.®™ Studies of surgeons gloves®™ ™™ have demonstrated that the frequency of
/e penetrations increases with both the complexity and the duration of surgery due to the effects of hydra-
» increasing exposure to sharps, and the cumulative effect of material fatiguecaused by finger and hand
ing motion. Because sterile gloves are manufactured to higher tensile strength specifications, they may be
‘e resjstant to material fatigue than exam gloves. The rate of mechanical, chemical, and physical degrada-
is different between the various materials classes used to fabricate gloves, and that variation exists even
veen gloves of the same material class manufactured by the same company.
Tost gloves fit tightly, and in the case of surgical gloves very tightly. Adverse outcomes of tight fit for
1 duration include friction, muscular fatigue, and occlusion and maceration of the skin. Skin irritation
tuncommon among health care workers. Gloves can exacerbate inherent susceptibility to eczema and
ting skin irritation. The risk of mucocutaneous or percutaneous exposure increases as the quality of the
barrier decreases and the level of perspiration inside the glove increases. The CDC’s Universal Precau-
s recommend that health care providers who have exudative lesions or weeping dermatitis refrain from
irect patient care and from handling patient care equipment until the condition resolves. Some derma-
gists believe that gloves should not be womn over inflamed skin unless worn for short periods and when
zal corticosteroids are applied first. ™ Pregnant and immunodeficient health care providers should also
tly adhere to Universal Precautions to minimize the risk of infectious agent transmission.
sveral studies have demonstrated that vinyl exam gloves leak more frequently than latex exam gloves
have less ability to reseal in the event of puncture “*™757 In general, vinyl gloves also have less
nical and laceration resistance than latex exam gloves and offer iess resistance to permeation by
notherapeutic drugs. It is for these reasons that the Service Employees International Union has
mmended to its health care employee membership that latex gloves should be used instead of vinyl
never possible to reduce the potential for body fluid exposures.®

Double Gloving and Other Protective Measures to Improve Glove Barrier Safety
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E other patient contacts, many clinicians try to improve the barrier efficiency of gloves by double and even

tripie gioving. Recent siudies or doubie gloving as a means to improve barrier efficiency have siiown
that the double gloving of either surgical or exan gloves can help reduce, but not completely eliminate,

the hazards of microbial penetration through gloves and skin exposures from glove perforation. 7%

Other studies have shown that the most frequent site for hand injury from punctures of both single and
double gloving are the dorsum of the hand, fingers, and thumb of the nondominant hand.”? These data
demonstrate that certain high risk sergical procedures (such as those in thoracic, orthopedic, or obstetric
surgery) that involve considerable manual manipuliations, numerous sharps, contact with large amounts
of body fluids, or long duration, and other patient contact procedures that place increased stress on
gloves will increase the rate of glove perforation. The prudent ciinician in these situations may wish to
take steps to reduce the risk of occupational exposure to bloodborne pathogens and reduce the potential
risk of disease transmission to patients. Measures that can reduce the risk of exposures include double
gloving for procedures of long duration or high risk; use of cut-resistant gloves and glove liners under
the outer glove; use of blunt tip suture needles; and other techniques for hands-free passage and storage
of sharp instruments. Routine inspection of gloves and regular glove changes also are recommended.

Recent experiments in novel glove construction methods have focused on strengthening high risk
puncture zones in gloves or chemically inactivating viruses after a needle penetration. Unfortunately,
there is as yet no cornmercially available glove liner or glove barrier material that will totally prevent
needie puncture. Two laboratory studies have shown that gloves containingchlorhexidine glutinate or
nonoxynol-9 between layers of latex can inactivate various bacteria and viruses, including HIV,®%
Cut-resistant gloves and glove liners are commercially available, but they are neither needle puncture-
proof nor cut-proof. ®® They are cut resistant. They are useful to clinicians who do not require high levels
of tactile performance but who need protection from laceration, Pathologists, orthopedic surgeons, and
morticians are among the first to benefit from advances in cut-resistant fiber and fabric materials.

Gloves are imperfect barriers. Manufacturers should work toward devising gloves with fewer inherent
defects and greater wear resistance. Innovative technology for more sensitive detection of holes is under
development. Researchers have patented methods to create microscopic heles of known dimension. Re-
search is ongoing to evaluate electronic methods for detecting very small holes using the inherent electrical
capacitance properties of barrier materials. Petection of charged particles and electric currents through
conductive liquids and gases offers promise for advancement in production quality control of both gloves
and condoms. Commercial glove hole detection devices are available to the surgical community. Their
practicality, detection sensitivity, and reliability are only just beginning to be scientifically assessed.

Penetration, however, only implies exposure and not necessarily disease. There is no general correla-
tion between relative permeation/penetration rate (i1 virro) and the relative dermal absorption rate (in
vive). In other words, intact human skin is an additional barrier to the transmission of microbes. This
explains why, even when the glove barrier is breached, infection dees not always occur. Infection de-
pends on a combination of factors, including the dose and virulence of the infectious agent, and the
host’s defense mechanism.

Inappropriate glove selection, unwarranted glove decontamination and reuse, or workers otherwise
misusing gloves are prebably a far greater safety problem than initial manufacturing quality. No cur-
rently reported CDC HIV seroconversion data on occupational exposure to HIV reveals any case of
bloodborne infection in health care workers due to an initial glove quality failure or from any other
environmentally mediated mode.®” Documented bleodborne infections have been transmitted by percu-
tanecus of mucocuizneous exposure routes associated with either the lack of appropriate protective
equipment or by needlestick or [aceration through gloves. Kotilainen et al., however, suggest that possi-
bly three cases of herpetic whitlow might have occurred from the use of vinyl gloves in 1989, prior to the
FDA’s imposition of higher standards for the leak testing of exam gloves.®® It is plausible that similar
undocumented cases have occurred.

Biosafety performance of gloves achieved or enhanced by:

* level of quality assurance provided during their manufacture (including overall integrity, sterility,
cleaning of soluble latex proteins, and low aumbers of manufacturing defects, ete.);

» material barrier effectiveness (which includes biopenetration resistance to bloodborne pathogens,
liquid and hydration resistance, and chemical resistance);

e
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» ergonomic design (including fit comfort and surface texture);

« cnif design and length;

+ level of quality assurance provided during storage and prior to use;

« durability (if reusable gloves); and

» frequency of inspection and replacement {especially in bichazardous, mechanicalty stressful, orin
exposures of long duration).

shoes and Foot Protection

ineakers, sandals, and open toe or perforated shoe construction are generally not acceptable in a lab or
‘linical work setting, as required by 29 CFR 1910.1450, Shoes, boots, and shoe covers can track dirt and
{ehris into clean zones or generate unwanted dust particles during traffic movement, or during donning or
ioffing activities. When dust control is important, shoe covers or overboots constructed of low particulate
thedding materials, antistatic finishes, and elasticized top openings and ankles or ankle straps, may reduce
his hazard. In locations where explosive gas might be present, or where flammable anesthetic agents are still
n use, periodic conductivity checks may be made on footwear worn in thesa areas to minimize the potential
‘ot static electricity. Appropriate footwear with good traction and high slip resistance is needed in locations
where floors are wet or slippery. In surgical settings where copious fluid contact is predictable, the use of
{ibber construction knee high or hip wader-type boots might be required. All safety or special-issue shoes and
soots used in controlled access areas should be identified so that they can be segregated from safety shoes
1sed for work in other areas. In the event of overt biological or chemical contamination, the shoes should be
jecontarminated or sterilized by appropriate means or discarded. Information on decontamination can be
found in Chapter 6 of this mannal. Safety shoes (steel toe/sole) might be necessary if there are hazards from
falling objects, sharps, or contact from other heavy objects. Disposable shoe covers and boots should be
Jrovided in sufficient sizes to reduce tearing when donning and be constructed of abrasion- and moisture-
-esistant materials. Disposable covers or boots wom in wet areas should be constructed of liquid-resistant
latex, PVC, or other polyrer materials, Special effort might be necessary to ensure adeguate size accommo-
4ation for women or workers with especially small feet.
Biosafety performance is achieved of enhanced in protective footwear by:

+ level of quality assurance provided during manufacture to reduce the generation of donning and
doffing particulate contamination, and antistatic finish;

+ liquid resistance (overall liquid-tight integrity);

» chemical resistance;

+ tensile characteristics (including tear and abrasion resistance);

» ergonomic design, including fit comfort, and antislip surface texture of the sole; and

« design integrity and length.

12. Huoman Factors Affecting PPE Selection and Use

The OSHA tloodborne pathogens standard requires that PPE be provided, readily accessible, and adequate
for the duration of normat use. Provision for “similar alternative” PPE devices is also arequirement to supple-
ment PPE normally available to the exposed work force (191 (.1030¢d)(3)(i)). This clause requires employ-
=13 to protect workers who might be allergic to latex or who might have other physical or medical reasons that
tequire different PPE than normal. Provision of foot protection to accommodate women’s sizes of latex-free
gloves are two examples. Anthropometric differences based onrace, sex, physical size, physical handicaps, or
medical conditions can make it difficult to accommaodate certain workers. Medical assessment is an important
component of any PPE risk management program. Although it is true that some worker health complications
will prohibit a worker from performing chties while wearing PPE (such as certain medical conditions associ-
ated with the use of a respirator), employers are required to accommodate their work force either through
engineering and administrative conirols or by adequate PPE. Accommodation is important not only for bio-
logical protection and regulatory compliance but for worker PPE acceptance and compliance, and task confi-
dence. Personal preferences should be accommodated whenever possibie.

Human factors engineering methods should be used to design PPE. The design of any PPE device or
SaLmeat sustern to accommodate the htman form is equally as important as the safety provided by the

13. PPE and Apparel Cost/Economic Factors

Protective equipment and safety appare] purchasing represents a considerable overhead investment for
all industries. Low unit prices do not always result in lowest overall costs. Higher quality, more durable
products usually perform better and last longer to offset a higher unit cost. Cost evaluations for reusable
products should be based on product use-hours rather than product unit price. Total cost for the em-
ployer is measured best as a fanction of the product unit cost, wear life, disposal cost, savings in em-

ployee health care costs, and employee job and task confidence.

14. Integrated PPE and Apparel Risk Management Program Considerations

All PPE share certain universal safety performance criteria. FPE performance should provide for all the
following:

« PPE should be appropriate for the risk involved and the conditions at the place where the hazard-
ous exposure risk may cceur; :
PPE should accommodate both the ergonomic requirements and state of health of the person who
might be required to wear it; ’

PPE should be capable of fitting the wearer correctly within the adjustroent range for which it is
designed;

« PPE should comply with any mandated performance specifications required by existing specific
hazard contro} regulations;

PPE should be effective to prevent or adequately control risk without increasing the level of over-
all risk to the wearer; and

PPE should be durable enough to provide both the expected tevel of safety protection during
routine use and, if expected to be reusable, to be resistant to daily cleaning and disinfection as
recommended by the manufactorer. I
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PPE selection, use, and disposal should be part ofa comprehensive employee health and safety program.
Key elements of the PPE management program within an overall health and safety program include a
written program based on recogrized site-specific hazards and past institutional experience; a designated
program responsibility to qualified person(s}; PPE and apparel performance requirements in purchasing
specifications; job task-oriented policy and procedures including use/reuse, decontamination, and disposal
policy; written PPE and apparel purchasing, warehousing, and quality control procedures and responsibili-
ties; PPE and appare! purchasing based on end-user input; end-user training requirements and medical
qualifications; and a documented system of PPE program auditing, including any appropriate environmen-
tal surveillance, compliance monitoring, and a regular review of the total PPE program.

Any PPE program should also include continuat self-assessment. A proactive PPE assessment pro-
gram includes at least five steps.®” These steps are:

1. workplace hazard evaluation (hazard assessment and exposure. assessment);

2. proactive obtainment of samples of candidate PPE;

3. evaluation of candidate PPE samples using standard or field test methods against on-site hazard-
ous agents under local environmental conditions;

4. selection of the best candidate based on regulatory requirements, performance specifications, and
test results; and

5. constant monitoring of PPE performance, durability, and worker compliance in the workplace.

The initiation of 2 PPE program is the final step in any comprehensive risk management process.
‘When applied to PPE, the risk management process entails the following steps:

1. formal risk assessment of the workplace;

2. application of engineering controls to eliminate or attenuate known risks;

1. institution of administrative and work practice controls, and a medical surveillance program; and
4. a proactive PPE and protective apparel safety program.

Engineering and work practice controls are the preferréd methods to eliminate or minimize direct
exposure with hazardous environments, processes, or hazardous agents. PPE should be considered as
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the last line of defense against unplanned exposure or attenuated hazards. PPE is knowa as the “last
choice™ for exposure control because:

» PPE protects only the person wearing it, whereas controlling risks at the source protects everyone
in the workplace;

« theoretical maximum levels of protection are seldom achieved with PPE in actual practice, and the
actual level of protection is difficalt to access;

« PPE can restrict the wearer by limiting mobility, visibility, and communication, and by instituting
an added weight burden;

+ PPE is only effective to the extent that the wearer is correctly trained, fitted, and the PPE is
properly maintained, accessible, and available in appropriate sizes; and

« there might be some hazards for which no PPE will provide an adequate control of the risk (e.g.,
firefighter apparel only provides limited protection from radiant heat and flame).

For all of these reasons, it has been the policy of OSHA and NIOSH that PPE should be used when:
1} engineering and administrative controls are not feasible; 2) when such controls are being developed
or installed; 3) when emergencies occur; or 4) when control equipment breaks dewn.®” There are,
however, many occupational tasks in which exposure cannot be controlled through a combination of
engineering and administrative controls. Indeed, there are situations when the use of PPE is the only
control method available. But more often PPE should be used to complement, not supplement, other
control methods such as workplace design, prudent laboratory-practice and technique, personal hygiene
and immunization, and the use of primary safety barriers such as biological safety cabinets.

15. Summary

Even though engineering and administrative. safety controls are the first line of defense in personal
protection, not all risks can be eliminated in the workplace. When it is not possible or practical to
engineer out all hazards, PPE is still necessary and a valuable ally for protecticn against various hazards
in a dynarmic workplzce. When procedures require PPE, it should be appropriate for the highest level of
risk to which persormel or the environment will be subjected.

When biohazards are present, at least 10 risk reduction steps should be operational:

1. To the extent possible, known hazard risks should be under engineering centrols.

2. Workers should be knowledgeable of these hazards and the possible routes of disease transmission.

3. Exposed workers should be properly trained in the selection, use, and disposal of each type of PPE

they use.

4. Medical surveillance, record keeping, and immunization programs should be provided.

. Workers and management must be motivated and committed to bichazard protection standards.
Disciplinary action against viotators should be established.

. PPE must be available and provided in adequate types, number, and size options.

Reusable PPE must be maintained properly.

. The biosafety program should be in writing, posted, and reviewed with employees.

. Unplanned exposures and emergencies can stili happen. Emergency procedures should be set up
for splash, aerosol and penetration injuries, and other exposure incidents. Emergency contingency
planning, training, and communication and other response equipment must be in place. Injury and
near-miss accidents should be analyzed to determine PPE program correction priorities.

10. Safe work practices, handwashing, and infection control precautions must be universal.
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Key guidelines and regulations that recommend the use of bamier clothing and gloves to protect
against microbial exposure have been reviewed. Glove unnmonmmson literature: has been cited demon-
strating that not all gloves are equal. Examination and surgical gloves can be perforated, resulting in
microbial exposure to the wearer. Barrer perforations can be present before use, occur during normal
use, or occur as a result of a cut during use. Perhaps the greatest potential hazard exists when a perfora-
tion is present, the wearer has nonintact skin, or the perforation goes urnoticed. Unnoticed perforations
are common.

“When feasible, bioprotective performance indicators have been provided that identify important per-

formanee and <election rriteria for ceveral kev tynec nf PPR rammon ta hinlaaieal cafety Thaca and

R

byt

e

other guidance provided in this chapter should assist the reader in establishing betier objective and
subjective performance qualifiers and program management actions.

PPE and clothing selection should be justified by intended use, appropriate to the level of injury
potential or disease transmission route, and be accommodating and acceptable to the wearer. Barrier
efficiency should be quantified by acceptable test measurement performance against the actual hazards
encountered in the workplace. After considered selection and the initiation of operational use biological
protective equipment, apparel, and devices should still be part of a proactive risk management and
quality assurance program.

F. __uomum-.mﬂoa Protective Equipment
1. Intreduction

The use of respiratory protective equipment {RPE) to control exposure to infectious aerosols presents some
difficult challenges to industrial hygienists. The health effects of infectious aerosols are not cumulative in
nature; Tespiratory selection criteria for particulate hazards do not necessarily apply to infectious aerosols;
and the NIOSH RPE certification process was not originally designed for infectious aerosols. In May
1994, NIOSH proposed a particulate respirator certification process that included considerations for per-
formance criteria recommended by the CDC for respiratory devices used in the health care setting for
protection against Mycobacterium tuberculosis. AU publication of this manual, NIOSH had finalized 42
CFR Part 84 cerification regulations (see Federal Register, Vol. 60, No. 111 [9 June 1995]).

There are no NIOSH-certified respirators specifically for infectious aerosels. It is imperative that the
reader have a thorough understanding of basic respiratory protection principles and good practice before
selecting 2nd using any respirator to control exposure against any hazard. HBEE@ classes mnozmoaa by
ATHA, NIOSH, and others can provide this background.

To appropriately select RPE to control infectious agrosol exposure, the reader must also =unnam5a
basic concepts of microbiology and airbome infectious disease transmission. There are several excellent
texts on both subjects (see the references listed in Chapter 1); however, much of what is known about
occupaiional exposure to bioaerosols and subsequent disease transmission comes from biosafety literature
documenting infectious disease transmission in standard microbiologic research laboratories (see Chapter
2). The Sulkin and Pike survey of laboratory-associated infections revealed that exposure to infectious
aerosols was considered as the plausible but unconfirmed source of infection in 80% of the reported cases.™

The following guidelines for selecting RPE should be applied carefully, keeping the above-men-
tioned limitations in mind. These guidelines will discuss currently available RPE and recommendations
for proper selection and use in infectious aerosol exposure situations. Ultimately, the industrial hygien-
ist must exercise professional judgment based on what is known about RPE, the process, and the hazard.

2. The Nature of an Infectious Aerosol Hazard

Understanding the nature of an airborne hazard is one of the first steps taken before appropriate RPE can
be chosen. This statement is no less true for an infectious aerosol hazard.

The infectivity of a microbiologic agent is one of the most important properties of an infectious agent.
Infectivity is the ability of the agent to produce infection by invading and multiplying in a susceptible
host. Dose, environmental conditions, and the route of exposure car affect the degree of infectivity of a
biologic agent. Host factors such as age, race, nutritional status, predisposing conditions, and immune
system status also play an important role in discase transmission; however, for purposes of health and
safety, host factors must not be relied on to prevent infection, and 21l personnel must be viewed as
susceptible to infection.

Dose

Dose is directly related to infectivity. The infective dose is the minimum number of particles or agents
required to establish infection in 50% of a group of hosts of the same species. This quantity is referred
to as the ID,. The ID,; is a function of the agent, route of administration of the agent, source of the
agent, and UOmH factors. The ID; is measured in test animals and provides a way to rank various infec-
tious agents.




ID;, and the threshold limit value (TLV) can be linked conceptually. If the 1D, by inhalation in an
animal model were known for the infectious agent of interest, a correction factor for species difference
could be applied to assign an ID_, for humans. It would never be acceptable to permit an airborne
concentration approaching this level,

Theze is limited quantitative human infectivity data via the inhalation route, Viral infections doses are
reported in units known as 50% tissue culture infectious doses (TCID,;s) which are the end point of a
juantal titration of virus that infects 50% of the inoculated cell calture host. Human infectivity data exists
for a .5 1m diameter aerosol for the following four respiratory viruses: rhinovirus type 15; coxsackievins
A type 21; adenovirus type 4; and influenza A/2/Bethesda/10—63.9) The TCID s for these viruses are
1.56, 23.20, 0.42, and 2.49 respectively. In other words, human infection due to the 1.5 JLm aerosol expo-
sure resulted from approximately 0.5 to 23 times the nutmber of virions it takes to infect cell culture,

Environmental Conditions

Airborne microorganisms must be viable to cause infection. The viability of an agent depends heavily
n environmental conditions and the agent’s intrinsic properties. Intrinsic properties include growth
equirements {e.g., temperature, nutrients); ability to survive ouvtside the host in a variety of vehicles
e.g., ait, water, food, soil); and viability subject to environmental conditions {e.g., light, temperature,
elative humidity).

toute of Infection and Disease Transmission

“he ID,, can vary directly with the route of exposure; an agent infectious by two routes might have a
ifferent 1D, for each route. This discussion will be concerned only with the airborne route of infection,
‘ransmission of infection can be broken into two broad classifications of mechanisms of transmission:
irect and indirect. “Direct” transmission includes not only direct contact but also contact as spray by
roplets from sneezing and coughing onto the mucous membranes of others, These droplets travel in a
allistic manner and splatter on the nasal mucosa. This route of transmission is called the “nasal route”
y some microbiofogists and infection control practitioners. “Indirect” transmission involves two types
f particles: dusts and droplet nuclei. Dusts are defined in infectious disease literature as particles that
ave settled and are resuspended (e.g., from floors, bedding, or soil).

Liquid droplets containing microorganisms dispersed by coughing, sneezing, and talking vary in size
‘om greater than 100 pm ia diameter to well below 10 wm, with the mean between 10 and 20 (wm. 2
ven in 90% humidity, droplets < 80 um will evaparate before settling from a height-of 6 feet. The
ssidual droplet nuclei might contain microorganisms. Droplet nuclei 2-3 pm in size have settling ve-
wities of 0.015-0.020 cm/sec. Aerosols of this size are capable of remaining airborne for long periods
1d are more likely to be inhaled and deposited in the respiratory tract. Mechanically generated aerosols
rvarious workplace settings may result in droplet nuclei smaller or larger than those expelled by coughing,
\eezing, or talking,

.dﬁ preceding discussion identifies the importance of the agent’s aerosol size distribution as a function

the aerosol generation process and the existing environmental conditions as well as its mechanism of
fection. For example, it is known that only aerosols < 5 pm in diameter of Legionella spp. can infect a
sceptible host; therefore, if the work process or activity being investigated generates a mist initially 20
1 in diameter, a potential airborne hazard exists given the appropriate environmental conditicns, the
nployee’s distance from the source, and other variables common in aerosol eXposure assessment

Caution is advised when evaluating a biocaerosol hazard. Most of-what is known about occupational
fectious disease transmission has been obtained from documented Iaboratory-acquired infections cccur-
1g in standard microbiologic research laboratories. In 80% of these cases, inhalation was attributed asthe
ute of exposure. Laboratory seftings represent controlled environments where physical containment de-
ses are used, engineering controls (biological safety cabinets) are cormmon, and specific work practices
z followed by trained personnel. Bven so, all infectious 2eroso exposures cannot be prevented.

There is potential for infectious aerosol exposures in workplaces other than the biomedical or re-
arch laboratory. Other industries friclude, but are not limited to, the following: sewage treatment facili-
s, zoos, veterinary facilities, HIV/HBV production facilities, slaughterhouses, agricultural settings,
d health care. .3.6 workplaces cited vary greatly in the level of engineering controls available. RPE
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3.  Surgical Masks

Surgical masks are infection control devices because they prevent the spread of infection from the wearer
to potentially susceptible person(s). They are not respiratory protection devices, It is important to under-
stand the purpose of these devices, how they are tested, and what the data mean in order to avoid
confusion as to the appropriate use of surgical masks,

Surgical masks are designed to prevent patients in health care settings from acquiring an infection
from the wearer's exhaled breath, They form a limited aerosol barrier between the respiratory tract of the
wearer and the patient. Although they were originally designed to control the transmission of aerosolized
infectious agents from the wearer to the patient, they have also been mistakenly worn to protect health
care providers from tuberculosis exposure from a TB-infected patient. Surgical masks accomplish Hm-
ited barrier protection for the patient by filtering large droplets containing viable microorganisms from
the wearer’s exhaled breath, They can be considered to be nonsealing air-purifying devices having a
highly variable aeroso! filtration efficiency.

The filtration efficiency of surgical masks is usually tested by one of two methods: the Greene and
Vesley in vivo method® and the military specification standard MIL-M-36954C in vitre method.®® The
Greene and Vesley method uses the wearer’s exhaled breath as the surgical mask aeroso! challenge; the
military specification standard uses an atomizer that generates a bacterial aerosol challenge.* The count
median dizmeters of the Greene and Vesley and the military standard challenges are polydisperse with
median diameters of about 4.5 pm and 3.0 pun, respectively.®

Resalts of both challenge test methods are reported in terms of percent bacterial filtration efficiency
or %BFE. The %BFE tests reflect the number of organisms that penetrate the mask to develop colonies
on culture media. Although one bacterial cell is invisible to the naked eye, it muitiplies in aumber to
form a visual colony when adequate growth conditions are met. The number of colonies that penetrate is
reported in colony forming units, or CFUs. The %BFE equals the CFU penetrating the mask divided by
the CFU presented to the mask x 100%. A correction for the background count must be done in the
Greene and Vesley method. The aerosol nsed in the Greene and Vesley test consists of more than one
organism, whereas the military standard contains only Staphylococcus aureus.

Commercially used BFE test methods have not been standardized by a regulatory agency. Results can
vary due to modifications made in the test procedure but are reported by test methed only, with no
indications of these modifications. Because of a lack of a standardized test method, two situations can
occur: 1) vastly different results for the same manufacturer’s model of mask can be obtained, and 2)
vastly different results can be obtained for the same surgical mask tested in different laboratories by
different methods.®® The count median diameter (CMD) and geometric standard deviation (GSD) of the
aerosol challenge, the type of acrosol challenge, and the methodolegy used to obtain the data should be
known to directly compare %BFE results and to know what aerosol size distribution the surgical mask
can filter. The %BFE or % efficiency depends on the size distribution of the aerosel challenge and the
procedure nsed.

Permission to manufacture surgical masks for use in health care settings is granted by the FDA. To
obtain FDA permission, an applicant is required to submit %BFE results obtained through an indepen-
dent laboratory. There are no regulations stipulating minimum %BFE. The independently produced
%BFE results are not challenged unless 2 manufacturer’s client appeals to the FDA to replicate those
results. Consequently, surgical masks are manufactured with widely varying %BFE results. A compari-
son study of 42 commercially available surgical masks subjected to the same %BFE test procedure in
the same laboratory demonstrated that surgical masks varied from 13 %BFE to 98 %BFE. A %BFE of
98 would indicate that nearly all particles described by the challenge particle size distribution are filtered
out. A %BFE of 13 would indicate that not only are most particles not filtered out but the least efficiently
filtered particles are the smallest ones.

The preceding information bears relevance to the issue at hand only in terms of the patient’s protec-
tion (i.e., preventing infectious aerosols from penetrating the mask to the outside). Although it may be
true that for most meltblown surgical mask media the filtration efficiency is independent of the mask
orientation, surgical masks are not designed to seal to the face as are negative-pressure air-purifying

* Although still used by some in practice, this standard was canceled by the U.S. Department of Defense on April 1, 1292, It
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:spirators. Protection from aeroso! exposure, biological or otherwise, depends not only on filtration
ficiency of the filter media but also on leakage at the periphery of the mask. RPE can be fit-tested to
wsure an adequate fit. As the aerosol challenge decreases in size, leakage becornes a more serious
‘oblem because smaller particles easily follow the gas streamline around the mask periphery into the
-eathing zone. ‘

The issug of facial fit and surgical masks was examined by Tuomi.®? The efficiency and face seal
:akage characteristics of two surgical masks were measured using a test head connected to a breathing
\achine. Filtration and leakage were measured as a function of particle size over a particle diameter
inge 0f 0.3<-10um. At a 9 jm particle diameter the mean rumber efficiency for one unsealed and sealed
1ask was, respectively, 98% and 52%; at 5.5 pm, it was 95% and 55%; and at 1 pm, 6% and 2%. The
ifference between these two situations represents the degree of face fit leakage.

To summarize, the %BFE tests of surgical masks should not be considered comparable to the param-
-ers of fltration efficiency, fit, and protection factors reported for industrial RPE. Surgical masks donot
rovide respiratory protection for the wearer, and the test results reported should not be confused as
wdicators of respiratory protection.

. A Discussion of RPE Selection

n Oct. 12, 1993, the CDC published in the Federal Register draft guidelines on the selection of RPE
a1 use against Mycobacterium tuberculosis. NJOSH —in addition to supporting the standard respira-
sry protection practices of fit-testing the facepiece for the correct size, offering multiple size respirator
1cepieces to better accommodate different size faces, and user facepiece fit checks before each use to
onfirm correct fit adjustments — proposed fiitration efficiencies equal to or greater than 95% in an
nloaded state for particles 1 wm in size for flow rates up to 50 L/min. In 1989, a subcomumiitee of the
NSI Z88 committee on respiratory protection was charged with the task of drafting a standard for the
alection and use of RPE used to control infectious aerosol exposure. At publication of this manual, a
tandard has been drafted but not finalized for publication. Following is a discussion of the important
spects that should be considered before selecting appropriate RPE.

Jir Sampling

‘otential personal exposure can be estimated from area sampling using all-glass impingers (AGIs) and
arious impaction samplers (see Chapter 2). Subsequent analysis then involves assays of viability re-
orted as the number of viable arganisms or CFUs per cubic meter.

Area air sampling can be performed to determine the number of particles present; however, there are
1ree sources of error in such measurements. First, it is difficult to extrapolate personal exposures from
rea sampling results. Second, it often is assumed that every particle counted is or contains a biological
gent, an assumption that might not be true. Third, it also is presumed that every particle counted repre-
ents a viable biological agent, which again might not be true. An accurate infectious particle count can
¢ used to evaluate the level of protection required of RPE.

Size distribution sampling is advantageous in that the results may be used to evaluate the type of air-
urifying Wmm required, provided that the size-related efficiency of the RPE filter medium is known. 1t rmust
€ kept in mind, however, that the selection of RPE tested and certified according to mass penetration of a
pecific size aerosol is not equivalent to number penetration of the same aerosol size distribution challenge.

ilter Selection

tiological agents range in size from 0.02 t0 0.25 pum for viruses, 0.3 to 0.7 m for rickettsiae, and 0.3 to
3 um for bacteria. Biological agents rarely exist aitborne as “naked” particles; rather, they ride on other
“carrier”) particles. Some examples of biological agents on carrier particles from the parent material
aclude Coxiella burnetii on soil dust, hepatitis virus on stoo! particulate, and Brucella abortus on mist
-articulate from cell cultare media.

As mentioned above, particle size sampling can be very useful in helping to make filter selection. The
ollowing three types of NIOSH/MSHA approved particulate filters are availabie: Dust/Mist; Dust/Fume/
Aist;-and HEPA. HEPA respirators with at least 99.97% efficiency against 0.3 um particles are the only
inee that mest’the O draft enidelines for use in nreventing transmission of TB in health care facili-
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ties. NIOSH had alsc proposed 4 new method of testing particulate respirators for three different levels
of filter efficiency (Types A, B, C) and for solid only (S) or both Yiquid and solid (L&S) particulates.
Type A was proposed as the highest level of filter efficiency; however, all three types would meet the
CDC draft guidelines for TB.

It is important to note here that respirator testing and certification testing procedures measure aerosol
penetration in terms of mass as opposed to the number of particles. It is number penetration that js the
critical parameter in determining the filter’s efficiency against an infectious aerosol.

Fit
Proper fit is another important parameter for tight-fitting (i.e., half or full facepiece) air-purifying RPE.
Poor fit can reduce the protection furnished by all tight-fitting respirators; therefore, it is very important
to include either qualitative or quantitative fit-testing in the respiratory protection program if tight-
fitting RPE is used. Note that fit-testing does not determine protection teceived but rather assesses
respirator fit onty. Fit-test methods have been described elsewhere.®

Ttems such as temple bars of glasses, skull caps, surgical masks worn under a respirator, or facial
features sach as facial hair or missing dentures, will add to the leakage experienced in the face-to-
facepiece seal of tight-fitting RPE.

Protection Factors

Basad on workplace protection factor studies and quantitative fit-testing results, protection facters have
been assigned to the various classes of respirators. The protection factor fora respirator is defined as the
concentration of airborne contaminant outside the respirator divided by the concentration of the con-
taminant inside the respirator. An assigned protection factor (APF) is the minimum expected workplace
level of respiratory protection that would be provided by a properly functioning respirator o class of
respirators to 2 large percentage of properly fitted and trained users.” The maximum use concentration
for a respirator generally is determined by multiplying a contaminant’s exposure limit by the protection
factor assigned to the respirator. As tnentioned above, exposare limits have not been established for
infectious aerosols, but respirators can be used to achieve reductions in exposure levels. Although it is
impossible to ensure ihat proper use of the respirator will eliminate infection in all workers, the risk of
infection can be reduced.

Protection factors can be vsed to rate respirators. It may be difficult to say that the APF used for
chemical exposure will be the same APF achieved when exposed to infectious aervsols. The APFisa
dimensionless number, but there could be differences between APFs determined by mass methods as
opposed to those determined by count methods. RPE with an APF of 50, however, is generally more
protective than RPE with an APF of 10, NIOSH's Guide to Industrial Respiratory Protection (DHHS
Publication No. 87-116)1° and ANSI’s American National Standard for Respiratory Protection (Z88.2-
1992)¢21 are two sources of generally accepted guidance on APF values for RPE. These numbers can be
used to guide the health and safety professional in selecting the appropriate RPE.

Data in the literature assess the performance of RPE with respect to the critical parameter of bioaerosol
particle number in actual use conditions. % The aerosol challenge was endospores of Buacillus subtilis.
The stdy used four types of samplers with varying sampling efficiency to evaluate the protection fac-
tors of various respirators tested. The samplers included 2 mouth collector, nose collector, oronasal
sampler, and oronasal inhalation sampler. The investigatorsreported that a penetration of 0.002% could
be detected with 2 challenge of 1 x 10° spores per liter of air (i.e., 200 spores per liter of air). The aerosol
challenge had a mass median diameter of particles of 2.1 pm with 5% of the particles between 1 and 3
um. Although 200 spores of Bacillus subrilis with this size distribution might not be hazardous, 200
particles containing another organism could present a potentially infectious hazard.

Respirator Decontamination

RPE should be cleaned and disinfected regularly. Disinfection is required when RPE is used by more
than one person. Disinfectants such as quaternary compounds, lodophors, and hypochtorite soluticns
used for this purpose generally are effective against wearer-generated contaminants. If, however, the
environment contains a known biological ageni(s) that might have contaminated the exterior of the




respirator, then the decontamination procedute shoukd be specific for that agent. No one disinfectant can
be used for atl agents. Refer to Chapter & of this manual for additional information on decontamination.
It is important to ensure that the disinfectant will not damage the nondisposable respirator. Another
option is fo use dispesable RPE, if appropriate, and dispose of it after use in accordance with accepted
procedures. It also may be nécessary to decontaminate the respirater prior to disposal.

Special consideration should also be given to proper procedures for removing contaminated clothing
used in conjunction with RPE. For example, if doffing an air suit, it should first be sprayed with the
appropriate disinfectant and warm water, worn wet for the appropriate contact time, and then removed.
This procedure is followed to avoid exposure to the agent from the exterior of the suit that might be
resuspended during suit removal. 1

To ensuse the proper use of respirators, 2 respiratory protection program must be implemented. The
program should include standerd operating procedures, hazard analysis, RPE selection criteria, training,
fit-testing, maintenance including decontamination, program evaluation, and medical evaluation of res-
pirator wearers.®® The purpose of medical evatuation is to determine whether the user is physically
capable of wearing the RPE while performing the job.

A medical surveillance program may also be used to determine whether any employees at risk of
exposure — regardless of respirator use — has become infected. Such medical surveillance may include
initial preplacement and periodic seralogical testing. This may also be used to evaluate the effectiveness
of the respirators selected and the overall functioning of the program. Ttis possible that other tasks or job
duties not requiring the use of respirators could be the source of infection for an individual.

5.  Suggestions for Selection of Appropriate RPE

Selecting the proper RPE to control infectious aerasol exposure is a difficult challenge given our present
ability to evaluate the hazard. The development of a specific strategy will be case-specific and depends
primarily on the infectious agent involved and the processes by which an infectious aerosol can be formed.

a. Evaluate the Noture of the Hazard and Process: The potential for the presence of infections
acrosol must be determined. The parent material from which the aerosol is generated should be
evaluated for infectious agents. The process should be evaluated for its ability to generate aerosol.
Machines or instruments such as drills, saws, cutters, and compressed air jets are potential asrosol
generators.

%, Evaluate the Likelihood of Transmissior: Much of the preceding discussion has centered around
air-purifying RPE, although clearly other RPE having higher APFs for traditional particuiate haz-
ards may be used. This decision depends on a complete assessment of the hazard and process.

Review the literature for any evidence of transmission by inhalation. Determine whether the infec-
tious dose by inhalation is known. Caution dictates, however, that all pathogens should be considered as
infectious by the respiratory route. The employees’ exposures shouid be assessed, considering proxim-
ity to operation and duration of exposure. If possible, air sampling should be performed to identify the
agent(s), determine the number of infectious particles, and characterize the acrosol size distribution.

6. Summary

This section has attempted to introduce general concepts of infectious aerosol exposure such as infectiv-
ity and host factors. There was a genera! discussion of infectious aerosol hazards to demonstrate how the
differences between these hazards and other aerosel hazards hamper our ability to select RPE using a
\raditional industrial hygiene approach, Although there are many occupations in which infectious aero-
sol hazards exist, the potential for exposure among health care workers is perhaps the most readily
recognized. Because of the mistaken perception ameng health care workers that surgical masks function
as RPE as well as infection control devices, a discussion of surgical masks was included. The major
issues of RPE selection against infectious aerosols were discussed, followed by suggestions on how

—RPE micht be chosen,
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6. Umnoauwa_._:mmo: and Disposal of
Biohazardous Materials

A. Umoo_..ﬂm..:m:mno: and Disinfection

Decontamination can be defined as the reduction of microorganises to an acceptable level. The proce:
of decontamination can be achieved by either disinfection or sterilization. These terms are often use
synonymously, but a clear separation of the two should be made. Disinfection is the reduction of it
number of infectious organisms below the level necessary to cause infection. Inherent in this definitic
is the fact that some organisms might survive the activity of the disinfectant, particularly the bacteri:
spore-forming organisms. Sterilization, on the other hand, is defined as the complete killing of all orgar
isms. This is an important distinction when one is faced with the decision of decontamination of mate
rials or facilities.

It is generally accepted that materials contaminated with infectious agents must be decontaminate
prior to reuse or disposal, The goal of decontamination is not only the protection of personnel and th
environment from exposure to biological agents, but also the prevention of contamination of experimer.
tal materials and products by microorganisms that are ubiquitous in nature. The level of decontamina
tion necessary depends on a number of factors, and it is important that some type of fisk analysis be don
1o determine the most effective and reasonable method to reach the desired result. The user must decid
whether the contamination is a risk to the personnel using the matetials, to the materials themselves (ie.
medical devices, research materials), or to the environment (i.e., release to the air); what that sk i
(based on the type of organisms present and the potential for exposure); and which method of decon
tamination is the most effective for that situation with the least deleterious impact on personael, product
and the environment.

Decontamination processes, whether they invelve disinfection or physical sterilization (i.e., heat ¢
radiation), are processes that destroy tissue. Personnel exposure to the chemical and physical hazard:
associated with the process of decontamination should be minimized. Personnel should be trained to us
appropriate personal protective devices and to perform the decontamination in a safe manner.

1. General Procedures

a. All equipment contaminated with potentially infectious materials should be decontaminates
prior to cleaning or disposal. Equipment should be cleaned thoroughly prior to storage or re:
use. Infections materials such as cultures of infectious agents and equipment contaminatec
with these cultures should be sterilized prior to cleaning and/or disposal. The choice of 2 methoc
of disinfection or sterilization should be based on an evaluation of the specific needs pertinen
to_the situation.

b. Bichazardous materials should be placed in appropriate containers and properly labeled witk
the universal biohazard symbo! (see Chapter 5, Figure 2). These materials should be decon-
taminated as soon as is practicable following contamination and should not be left where un-
suspecting personne! might come in contact with them.

¢. To minimize hazard to firemen or disaster crews, all biohazardous materials should be placed in
an appropriately marked refrigerator or incubator, disinfected, sterilized, or otherwise confined
at the close of each workday.

d. All personnel should be appropriately trained in the operation of autoclaves to minimize the
possibility of improper use, ineffective treatment, and personnel exposure te untreated
bichazardous materials.




o~

Dry hypochlorite, or any other strong oxidizing material, must not be autoclaved with organic
materials such as paper, cloth, or oil: OXIDIZER + ORGANIC MATERIAL + HEAT = EX-
PLOSION. -

' Biohazard warning signs (universal biohazard symbol or equivalent) shouid be used to signify
the actual or potential presence of biohazards and to identify equipment, rooms, containers,

—

materials, experimental animals, or combinations of thess that contain — or are contaminated”

with — viable hazardous agents.

. All work surfaces should be decontaminated at Jeast once a day and after any spill of viable
materials,

h. To minimize the entrainment of dust, floors should be swept with push brooms only. The use of
floor sweepitig compeund is recommended because of its effectiveness in limiting the genera-
tion of airborne organisms, Vacuum cleaners eiquipped with filters of an approved type may be
used. In ali facilities in which infectious agents are used, water used to mop floors should
contain an appropriate disinfectant, and should be changed regularly (i.e., every two rooms).

i Stock solutions of svitable disinfectants should be maintained in each Jaboratory. If not used imme-
diately, working dilutions should be labeled with the date of dilution and the expiration date.

. Methods

hysical and chemical means of decontamination fall into four main categories: heat, liquid chemicals,
aposs and gases, and radiation. Of these, disinfection is usually limited to liquid chemicals and wet heat
soiling and pasteurization). Wet heat (autoclaving), dry heat, vapors and gases, and radiation are used
¢ sterilization. Some Jiquid chemicals are also considered sterilants, provided that sufficient time is
lowed and the appropriate concentration of the chemical is sed.

leat

Vet heat: Raising the temperature of microbial agents above their normal growth temperature Causes a
enaturation of their enzymes, resulting in the death of the organism. Organisms vary in their ability to
ithstand increased temperature, and environmental protein serves to protect the organisms from the
ffect of the heat.

Boiling: Raising the temperature to 100°C (212°F) and bolding for an extended period of time will
wsult in the destruction of most human pathogens but will not kil the spores of bacterial species such as
acillus and Clostridium. :

Pasteurization: Pasteurization is 2 heat treatment designed to kill the vegetative cells of any bacteria
+d fungi, and many viruses. But, again, it will not kill bacterial spores. Some heat-resistant vegetative
:11s also survive pasteurization.

Two methods of pasteurization generally are used:

» The high temperature/short time (HTST) method, which requires a temperature of 71.7°C (1 61°F)
for a minimum time of 15 seconds; and

+ The low temperature/long time (LTLT) method, which requires a temperature of 61.7°C (143°F)
for 30 min.

Steam sterilization: Steam sterilization uses pressurized steam at 12]1-132°C (250--270°F) to kill
fectious organisms. Steam sterilization does not substantially reduce waste volume and may increase
5 weight; therefore, disposal of bulk material remains to be done after treatment. The effectiveness of
eam sterilization is a function of temperawre and time, Complete removal of air is essential for the
eam to completely penetrate the waste and achieve an effective temperature/time exposure. Air re-
oval is affected by type of waste, load density and configuration, and packaging material. In addition
. developing a standard operating procedure for steam sterilization, the placement of temperature and
ological indicators throughout the load will monitor the effectiveness of the procedure. Temperature
dicators change color at specified lemperatures. They do not indicate the duration of that temperature
- the temperature within enclosed containers. Bacillus stearothermophilus is currently the biologic
dicator of choice. Spore strips of this organism are commonly placed in the waste and are incubated to
stermine the effectiveness of a sterilization cycle.

Dry Heat: Dry heat sterilization is less efficient than wet heat sterilization and requires longer times
andfor higher temperatures. The specific times and temperatures must be determined for each type of
material being sterilized. Generous safety factors are usually added to allow for the vatiables that can
influence the efficiency of this method of sterilization. Sterilization by dry heat can usually be sccom-
plished at 160-170°C (320-338°F) for periods of 2 to 4 hr. Higher temperatures and shorter times may
be used for heat-resistant materials. The heat transfer properties and the spatial relation or arrangement
of articles in the load are critical in ensuring effective sterilization.

Liguid Disinfection/Sterilization
The appropriate liquid disinfectant should be chosen following careful consideration of the potential
contamination present, and the type of material to be decontaminated. Liquid disinfectants are most
useful for the decontamination of solid surfaces and equipment. Some may be used for the decontamina-
tion of liquid waste, provided that the appropriate concentrations are used. A disinfectant witt
“uberculocidal” properties should be used if a general “all-purpose” disinfectant is needed.

Remember that most chemical disinfectants are not sterilizers and should not be relied on to destroy
all organisms on a surface or piece of equipment. Simple wiping of the surface to be decontaminate
with a liquid disinfectant does not kil the organisms present. Chemical disinfectants cause inactivatior
of organisms either by coagulation and denaturation of proteins; lysis; or inactivation of an essentia
enzyme system by oxidation, binding, or destruction of the enzyme substrate; therefore, factors such a:
time, pH, concentration, temperature, and the amount and type of organic material all affect the activir
of these agents.

Liquid disinfectants should always be used in accordance with the manufacturer’s recommendations
Failure to follow instructions might result in an inactive or ineffective material. .

There are many liquid disinfectants available under a wide variety of trade names. In general, thes
can be categorized as halogens, acids or alkalies, heavy metal salts, quaternary ammonium compounds
phenolic compounds, aldehydes, ketones, alcohols, and amines. Unfortunately, the more active disin
fectants often possess undesirable characteristics, such as corrosive properties. None is equally useful o
effective under ali conditions.

Alcohols: Bthyl or isopropyl alcohol in concentrations. of 70%-95% are good general-use disinfec
tants. They are active against lipid-containing viruses but are much less active against nonlipid viruse
and are not effective against bacterial spores. Alcohols act to denature proteins but are not so caustic a
to be significantly harmful to personnel using them. Care should be taken not to use alcohols near ope
flames since they are flammable at the use ditutions.

Formalin: Formalin is a 37% solution of formaldehyde in water. Diluted to 5% active ingredier
formalin is an effective disinfectant. At concentrations of 0.2%—0.4% it is used to inactivate bacteria an
virises, and it acts as a preservative in vaccine production. Formalin has a pungent, irtitating odor, an
personnel exposure must be Timited because of its toxicity and potential carcinogenicity.

Glutaraldehydes: These agents are closely related to formaldehyde but seem to be more biologicall
active. Both alkaline and acidic forms of glutaraldehyde have been developed for use as disinfectarnt:
The glutaraldehydes are active against all types of bacteria, fungi, and viruses. When used for extende
periods, they can be used as sterilants since they kilt bacterial spores. The glutaraldehydes are use
primarity for disinfection and sterilization of equipment and medical devices.

Glutaraldehyde disinfectants should always be used in accordance with the manufacturer’s direction;
Vapors of glutaratdehyde are known to be severely irritating to the eyes, nasal passages, and vppe
respiratory tract. These agents should be used in well-ventilated areas, and personnel should be provide
with appropriate personal protective devices to prevent exposure.

Phenol and phenol derivatives: Solutions of 5% phenol in water have been used for many years ¢
a disinfectant. Phenol solutions have a strong, somewhat unpleasant odor and a sticky residue is left ¢
surfaces following treatment with this material. Phenol is quite toxic. Personnel using this materi:
should be appropriately protected from skin exposure.

Phenol activity has been the standard by which the activity of other disinfectants has been compare:
Care must be taken in this comparison, however, since the activity of phenol is significantly differe;
from the activity of other non-phenol based disinfectant agents and comparison of phenol to thes
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Phenol homologs and other phenolic-based compounds have become popular disinfectants. These aze
recommended for the killing of vegetative bacteria, including Mycobacteriuym tuberculosis, fungi, and
lipid-containing viruses. They are not active against bacterial spores and nonlj, pid-containing viruses.
The phenvlic disinfectants are used most commonly for cleaning and disinfection of contaminated sur-
faces (i.e., walls, floors, bench tops).

Quaternary Ammonium Compounds (Quats): Quats are cationic detergents and are strong surface
active agents. They are acceptable for general-use disinfectants and are active against vegetative Gram-
positive bacteria and lipid-containing viruses, The quats are less active against Gram-negative bacterja
and are not active against nonlipid-containing viruses at normal use dilutions. These agents are also not
active against bacteria] spores.

Quaternary ammonium compounds are easily inactivated by the presence of excess organic material,
anionic detergents, and the salts of metals found in water. Some bacteria, notably Pseudomonas strains
have been found growing in dilute solutions of these disinfectants. Mixtures of quats and phenol-based
anfonic detergent solutions may result in total inactivation of both agents.

Quats are relatively nontoxic and can be used for decontamination of food equipment and for general
cleaning.

Halogens (Chiorine and Todine): OEonnm-oozﬂmEnm solutions have universal disinfectant activity.
Sodium hypochlerite is the usual base for chlorine disinfectants, Household or laundry bleach (5.25%
available chlorine) can be diluted 1/100 with water to yield a disinfectant solution containing 525 ppm of
available chlorine. Diluted solutions may be kept for extended periods of time with [ittle Joss of activity,
provided that the solution is kept in a stoppered bottle and protected from light. This material is active
against a wide variety of bacteria, fungi, and viruses, At higher concentrations with extended contacttimes,

properties of chiorine with regard to antimucrobial activity. lodophors (organically bound iodine) are
recommended as disinfectants. They have a relatively broad range of activity, being active against al]
vegetative forms ow,vmonmn.m_ fungi, and viruses. These agents are relatively nontoxic to bumans and
therefore have been used as antisepiics and in surgical soaps. Small amounts of organic material might
inactivate them.

Pertinent characteristics and potential applications for several categories of chemical disinfectants
most likely to be used in the biclogical laboratory are summarized in Tables XXII-XXVI. Practical
concentrations and contact times that may differ markedly from the recommendations of manufacturers
of proprietary products are suggested. It has been presumed that microorganisms wil] be afforded a high
degree of potential protection by organic menstrayms, It has not been presumed that a sterile state wil]

result from application of the indicated concentrations and contact times. T should be emphasized that

Table XXiil. Summary of Practical Disinfectants

Disinfectants Practical Requirements Inactivates
Type Category Use =5 Temperature  Refative Vegetative Lipeviruses Nonlipid  Baeteriai
Dilution . (G} Humidfty (%] Bacteria Viruses  Spores
Liquid  Quat Ammon, Cpds  0.1%-2.0% + +
Phenolic Cpds 1.0%-5.0% + + 8
Chlorine Cpds 500 ppm © + + + +

ladephor 25-1600 ppm © + S “. +
Alcahel, Ethyl 70%—85% + + )
Aleshal, Isopropyl 70%~85% £ +
Formaldehyde 0.2%-8.0% + ¥ + +
+
Gluteraldehyde 2% + + ¥
+ +
Gas Ethylene Oxide 8-23 gfir 7 .u,c + +
Paraformaldehyde 0.3 i >3 >60 + + + +
* NE = not effective

& variable results dependent on virus

¢ availatle halogen

Table XXIV. Summary of Practical Disinfectants

Disinfectants Important Characteristics
o Compatible  Compatible Skin m_i wnuﬁ,r.-.& Ter
Tvpa Category Effeclive  Corrosive  Fisnmabls Explosion Retidus  Inactheaind o P! P i
vm....a..-_.._.,... Sﬁ.ﬂ% Qpties™  Efsctronics
Liquid . .
Quat. Ammon. Cpds + + + +
+ +
Phendlic Cpds + + + +
+ + +
Chlorine Cpds + + & +
+ +
ledophor + + + + +
+ +
Alcohal, Ethyl + +
+ +
Aleohol, Isopropyl + +
. + +
Formaldehyde + + +
+ +
Gluteraldehyde + + + +
Gas .
Ethylere Oxide N/A +8 +8 % + + + +
+ o+
Paraformaldehyde N/A +€ +€ + + + +

N/A = not applicable.

# protected from light and air.

B neither flammable nor explosive in 90% GO, or fluarinate hydrocarhon, the usual use form.

¢ at concentrations of 7%-73% by volume in air, solid-exposure e open flame.

& Usually compatible, but consider interferenices from residues and effects on associated materials such as mounting
adhesives.

E By skin or moutf, or bath. Refer to manufacturar’s ferature and/or The Merck Index.

Table XV. Summary of Practical Disinfectants

Disinfectants Potential Application

i Portable  Portable Fixed Fixed QOptical  Liquids  Books,

Type  Category Work Dirty Large Alr . o b s T
Surlaces  Glasawars Arsa  Hading  Equip. Equip, i o FPapers

Decon.  Systemt  Surfacs  Pensirat- Surtscs Penetrel-  Eiectronic Discard

Decon.  ingDecon.  Decon. irg Decon  Instruments
Liquid
Quat. Ammon. Cpds + + + +




-

Phienolié Cpds + +

< ) + +
Chlorine Cpds + + 5
lodophor + + + . '
Aleohal, Ethyl + + + .
Aleohol, Jsopropyl + + + .
Formaldehyde + + + .
Gluteraldehyde + + + H
Gas
Ethylene Oxide
Paraformaldenhyde + + @ H + . ’
+

Table XXVI. Summary of Practical Disinfectants

Disinfectants
o Catogory Examples of Proptietary Disinfectants
Liguid
Quat. A
_— “J”“: Cpds A-33, CDQ, End-Bac, Hi-Tor, Mikro-Cuat
e ua S Hil-Phene, Matar, Midro-Bae, 0-8yl
o pds Chioramine T, Clorox, Purex
rhor j
Hy-Sine, loprep, Mi
R, 2y o prep, Mikroklene, Wescodyne -
Aleohol, Isopropyl N/A
Formaldehyde Sterac
Gluteraldehyde Cidex
Gas ,
Ethylans
y Carboxide, Cryoxicide, Steroxicide
Paraformaldehyde —

N/A = not applicable

> —_—
Space limitations preciude listing all products avaiiabie, Individual
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Formaldehyde: Formaldehyde, in general, is the chemical of choice for space disinfection. Safety

cabinets, ncubators, laboratory rooms, buildings, or other enclosed spaces can be disinfected with form-
aldehyde. The formaldehyde can be generated from aqueous selutions (formalin} containing 37%—40%
formaldehyde by heating or by vaporizing the sclution. Formaldehyde gas can alsobe generated byheating
paraformaldehyde, which is a solid polymer that containg 91%—99% formaldehyde. If agueous formal-
dehyde is used, the application rate should be 1 mL for each cubic foot of space to be treated. Also, if a
small amount of exhaust air is used to keep the area being treated under a slightly reduced pressure, then
this amount must be known, and 1 mL of formalin added for each cubic foot of exhaust air for at least a
one-hour period. To assure thorough mixing, the use of air-circulating fans may be required. Areas being
treated should have a temperature of at least 21°C (70°F) and a relative humidity above 70 percent.
Spaces being treated should njot be wet, have condensate on the walls, or have pools of water on the floor
since formaldehyde is quite soluble in water and will be taken up rapidly. Also, as the water evaporates,
polymerization will take place on the surfaces, and these polymers are difficult to remove. Formalde-
hyde is 2 powerful reducing agent and is noncorrosive to metals. It can normally be presumed that any
equipment or apparatus that will not be damaged by the humidity necessary for decontamination will
not be damaged by the formaldehyde. Although formaldehyde will sterilize all exposed surfaces, it has
limited penetrating abilities; materials that are tightly covered might not be sterilized. This lack of
penetrating power is often an advantage in vsing formaldehyde since the space only needs to be en-
closed relatively tightly instead of hermetically sealed — a condition impossible to achieve when rooms
or buildings are being treated.

Generally, the generation: of formaldehyde gas from powdered or flake paraformaldehyde by heating
is the preferred method. Paraformaldehyde will depolymerize and convert to the gaseous state when
heated to a temperature zbove 150°C (302°F). A concentration of 0.3 g of paraformaldehyde for each
cubic foot of space to be treated is used. Temperature of the space must be above 20°C (38°F) and
relative humidity must be 70% or higher. Exposure times should be at least two hours and, if possible,
the exposure should be for gight hours or overnight. Formaldehyde genérated from paraformaldehyde
has better penetration and fewer problems with condensation and subsequent need for prolonged acra-
tion than with formaldehyde generated from formalin. If walls and surfaces were not wet with conden-
sation during the formaldehyde treatment process, then aeration and removal of the formaldehyde should
proceed rapidly. A small room with nonporous surfaces and no materials or equipment in the room can
be cleared of all detectable formaldehyde in less than an hour of aeration; however, an entire building
containing a variety of surfaces and equipment may take many hours or even a day or more of aeration
to remove the formaldehyde.

Formaldehyde, a toxic substance and 2 suspected human carcinogen, is regulated by OSHA. Consid-
erable caution must be exercised in handling, storing, and using formaldehyde. Repeated exposure to
formaldehyde is known to produce a hypersensitive condition in certain individuals. Self-contained
breathing apparatus, air-supptied masks, or industrial-type gas masks should be available and used when-
ever exposure to formaldehyde is possible. Most individuals can readily detect formaldehyde at a con-
centration of 1 ppm, which serves as a warning to avoid excessive exposure. Chemicals, such as anhy-
drous ammonia, have been used to neutralize formaldehyde and deposited paraformaldehyde with lim-

ited success. Air containing formaldehyde can be passed through alumina to adsorb the formaldehyde.
This technigue is useful in removing formaidehyde from cabinets and other small places, but impractical
quantities of alumina are required for removing the formaldehyde from large rooms or buildings. Recent
reports indicate that formaldehyde may combine with hydrochloric acid to form bis(chloromethyljether,
a carcinogenic compound. When formaldehyde is to be used as a space disinfectant, the area to be
treated should be surveyed to ensure that there are no open containers of any acidic solution containing
chloride ion. Note that formaldehyde in the concentrations used for space disinfection has no effect on
cockroaches and possibly not on other insects or arachnids.

Formaldehyde is explosive at concentrations between 7.0% and 73.0% by volume in air. This concen-
tration, however, cannot be reached when standard procedures for disinfection are used.

Ethylene Oxide Sterilization: Ethylene oxide (E1O) gas is Iethal for microorganisms, including spores,
viruses, molds, pathogenic fungi, and highly resistant thermophilic bacteria. Following are some of the
principal variables that determine the rate microorganisms will be destroyed by ethylere oxide:




* Temperature: Temperature affects the Ppenetration of EtO through microbial cell walls and wrap-
ping and/or packaging materials. The activity of ethylene oxide will increase approximately 2.7
times for each 10°C (18°F) rise in temperature [between ranges of 53°C and 37°C (41°F and 98.6°F)
using a concentration of 884 mg/L]. Normally, EtO sterilization is conducted at temperatures
between 49°C and §0°C (120° and 140°F).
Ethylene Oxide Concentration: Sterilization with EtO can be achieved in shorter periods when the
concentration is increased. For practical sterilization, gas concentrations of 500 to 1000 meg/L at
approximately 49-60°C (120--140°F) are recommended. o
Humidity: It is generally accepted that moisture is an essential condition in achieving sterilization
with EtQ gas. The effect of moisture on the sterilizing action of ethylene oxide seems to be related
to the moisture content of the exposed bacterial cells. A relative humidity of 30%—60% frequently
is used in EtO chambers during such exposure conditions. -
Exposure Time: Tn most cases, the appropriate exposure time for attaining sterility is determined
experimentally using accepted biological indicators. Frequently, these controls are Bacillus subiilis
var. niger spores placed on suitable carrier materials,
Precautions in Using Ethylene Oxide: Ethylere oxide is a human carcinogen and regulated by
OSHA. Its concentration must be monitored when used. During treatment, it is absorbed by cer-
tain iterns; therefore all clothing, shoes, masks, adhesive tape, and other items designated for
contact with human skin should be exposed to circulating air for at least 25 hours after steriliza-

tion with EtO and prior to use. This precaution is particularly important with rubber articles. If the :

air is cold, the aeration time rmust be increased. Mixtures of 3%—10% ethylene oxide In air are !

explosive. Commercially available mixtures of EtO in Freon® or CO, are not explosive and can be m

used safely.

Rediation: Gammaand X-ray are the two principle types of tonizing radjation used in sterilization for
their activity against bacteria, spores, and viruses. Jonizing radiation is usually recommended for the
sterilization of prepackaged medical devices, including syringes and catheters. Caution should be used ,
in selecting the type of material for ionizing radiation sterilization: Polypropylene tends to become :
brittle, PVC discolors, and cotton loses tensile strength. In most cases, ionizing radiation is not a prac- m
tical toot for laboratory use,

Ultraviolet (UV) radiation is a practical method for inactivating viruses, mycopiasma, bacteria, and
fungi. This nonionizing radiation is especiaily useful for the destruction of airborne microorganisms
and, o a lesser extent, for the inactivation of microorganisms on exposed surfaces or for the treatment of :
products of unstable cemposition that cannot be treated by conventional methods. The usefulness of
uitraviolet radiation as a sanitizer is limited by its low penetrating power. Ultraviolet light is primarily ‘
useful in air focks, anfmal holding areas, ventilated cabinets, and in laboratory rooms during periods of
nonoccupancy to reduce the level of viable airborne tnicroorganisms and to maintain good air hygiene.

terilization

General criteria for sterilization of typical materials are presented beiow. It is advised to review the type :
of materials being handled and to establishstandard conditions for sterilization. Treatment conditions to :
achieve sterility will vary in relation to the volume of material treated, its contamination level, the ,
moisture content, and other factors,

Steam Autoclave: .

L. Laundry: 121°C (250°F) for 30 min with 15 min prevacuum of 27 inches of mercury (in. Hg.)
2. Trash: 121°C (250°F) for 1 hr with 15 min prevaceum of 27 in. Hg. |
3. Glassware: 121°C (250°F) for 1 hr with 15 min prevacuum of 27 in. Hg.

4. Liguids: 121°C (250°F) for I hr for each gallon

3. Animals: 121°C (250°F) for 8 hr with 15 min prevacuum of 27 in. Hg,

6. Bedding: 121°C {250°F) for 8 hr with 15 min prevacuum of 27 in. Hg.

Gas Sterilants:

i. Ethylene oxide gas — Sixteen hours eXposure to a concentration of 750 mg/L (£5%) at 30%—60% :
relative humidity and at ambient temperatures (>70°F).

2. Paraformaldehyde — Sixteen hours exposure to a concentration of 1.0 mg/L at 40%—60% humid-
ity and at ambient temperatures (>70°F).
iquid Sterilants: o ) )
ﬂ.ﬁﬂw:.nw —Not recommended for general use because they have poor activity mm.E.ﬂmﬁ <ow.m5nn,M
. bacteria and are useless as sporicides. Although the mercurials exhibit good mnn_sw agains
ruses (1:500 to 1:1000 concentration), they are toxic and therefore not amnoaﬂwamm Bnﬁm o con.
2 m:ﬂmu.an Ammonium Compounds — These are acceptable as general-use an.nmao tis 1o con
. trol vegetative bacteria and nonlipid-containing viruses; however, they are rot active against ba
i t the usual use concentrations (1:750). . ) . .
3 Wﬂwﬂmmﬂwiwog — These are recommended for the killing of vegetative bacteria, EME&MW
. Mycobacterium tuberculosis, fungi, and lipid-containing viruses (0.5%-2.0%). They are less
i inst spores and nonlipid-containing viruses. o . )
4 QOMMM:MmmMMSﬁME - These are recommended for certain Qﬁnmmocum ﬂ%nmmwﬁmm, mm%wwmmm
. i i i idered. Low concentrations of available chlorine
that the available chlorine needed is considere : e e O ons
i i tative bacteria and most viruses. For bacterial spores, 1
D rimels 2500 peon ive nature of these compounds, their decay
roximately 2500 ppm are needed. The corrosiw : mpounds
M.Mm@ﬂba lack of residuals is such that they are recommended ﬁwaz in special mHEmnoMMhuEa:ama
3 Nam&.uwoa — Although these show poor activity against bacterial spores, EQ are re g
. for general use (75-150 ppm). They are effective against vegetative bacteria and viruses.
advantages are: -
i imicrobial and antiviral activity.
dophors possess a wide spectrum of mnﬂuuan.c : ity. .
W&owwca mmsu a built-in indicator. If the solution is brown or yellow, it is still active.
Iodophors are relatively harmless to man. ) ) )
Hoaowronm can be readily inactivated, and iodophor stains can be readily removed with
solutions of Na,5,0, (sodium thiosulfate). o
6. Alcohols — In concentrations of 70%-95%, alccholic solutions are good general-use disinfec-
! ot . . " N.H mﬁoaw.
tants, but they exhibit no activity against bacteri ) N . ) ]
¥ mn:n&mm@mu\m Solutions — At concentrations of 8%, formalin exhibits good activity against veg
i ia, spores, and viruses. )
8 WMMMMMMWN&MQ&& — Solusions of 8% formalin in 70% alcohol are nonma..u.ma very moom M.Mw
. disinfection purposes because of their effectiveness against vegetative bacteria, spores, an:
ruses. For many applications, this is the disinfectant of choice.

Tonizing Radiation: A dose of 25 Gy (2.5 mrad) is generzlly accepted as effective for sterilization.

3. Precantions for Applying Decontamination Methods

T o ceatumes it neam andn prosrecon e soree ofscaldn s f
MMN%%MMH MMMM.HMM_.‘_.M,WMMHMMMMM&QMHQH Loads of manageable m_NHm mMcH_MM UMO_MMM%MW_MMW MMMH.“ ”W
MMMH“MM Mom_.zwmmmﬁmaﬂw me MMMMQMMMMMHMNMMmmoMWﬂﬁwEMMH ﬂhwmmmboawgm” can splash scalding
HEMWMMMHMMM.MM”MMmumwwmmwmmmcﬂ“”ﬂw&a be observed when rmmMmw%%ﬂmﬂw“m“w%nwﬁ“mm“w
tions of disinfectants. Personnel assigned the task of B.mwm:.m UP USE-CONC! Sk SO e
must be properly informed of potential hazards and ﬁ:n& in the safe procedures z“m fo oot
trated quaternary and phenclic disinfectants are nﬁdnamuq mm:m».c_ to the wv.nm.: Jﬂ_cn e
splashed in the eyes may cause blindness. mncﬁnmzn face MEQEM and goggl mw m, MM& e o o
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when applying them, personnel should control the operations to prevent exposure of others and wear
respiratory protection as necessary. Mutagenic potential has been attributed to ethylene oxide; toxic and
hypersensitivity effects are well-established for formaldehyde.

Radiation — The uses of UV irradiation carry the danger of burns to the cornea of the eyes and the
skin of persons exposed for even a short period. Proper shielding should be maintained where irradia-
tion treatment is used when personnel and laboratory animals are present. Guard against reflecting
surfaces (e.g., polished stainless steel) occurring in fine with the light source. In areas irradiated without
shielding on special occasions or during off-duty hours, post the area with warning signs to prevent
unscheduled entry of personnei,

Tonizing Radiation — Irradiators should be purchased through a supplier Keensed by the Nuclear
Regulatory Commission (NRC) or the state.Employees should be trained in the properties of ionizing
radiation and emergency procedures. Proper warnings and labeis must be installed in the irradiator’s
location. Wipe tests intended 10 ensure source integrity shouid be conducted routinely.

4. Summary

Disinfectants are used to reduce the number of pathogenic organisms present in or on contaminated
materials. There is no single disinfectant that can be used for all circu mstances; therefore, the choice of
a disinfectant should be made after careful consideration of a number of factors. These factors would
include: 1) the number and type of organisms possibly present; 2) the amount of extraneous organic
material present; 3) the material to be decontaminated; 4) the potential toxicity of the disinfectant; and
5) the activity of the disinfectant,

Disinfectants should always be used in accordance with the manufacturer’s directions, Failure to do
50 will result in failure of the disinfectant to perform appropriately. Personnel assigned to use these
agents should be fully informed of the proper methods of application, and of the hazards associated with
their use.

Disinfectants are designed to kill living cells by interacting with the cells and disrupting their metabao-
lism. As such they are toxic, not only to the organisms they are designed to kill but also to those indi-

vidvals who must use them, Appropriate precautions must be taken by all personnel vsing disinfectants
in order to minimize exposure to these agents.

B. Infectious Waste Decontamination and Disposal

The term “infectious waste” includes substances
associated with this waste is a function of the virule
tion, the route of exposure, and host susceptibility.
Infectious waste is generated in a variety of health care institutions; the food, drug, cosmetic, and
biotechnology industries; and research laboratories,
Infectious waste is generated from a variety of materdals including but not Hmited to:
* waste from patients isolated to protect others from communicable disease;
* cultures and stocks of infectious agents discarded from laboratories culturing specimens from
patients or doing research using human pathogens;
* human blood and blood products;
pathologic waste removed during biopsy, surgery, or antopsy;
© waste generated from surgical or autopsy precedures of patients with jnfect ous disease, including
disposable suppljes, equipment, and patient dressings and drapes;
waste generated in laboratories involved with pathogenic organisms;

contaminated sharps, including discarded hypodermic needles, syringes, pipettes, broken glass-
ware, and scalpel blades;

dialysis unit waste;
contaminated anima? waste, carcasses, and bedding; and
contaminated food,

capable of causing an infectious disease. The risk
nce of the contaminating organisms, their concentra-

-

.

.

Decontamination and disposal of infectious waste are closely interrelated acts in which disinfection

1Goi i d animal room wastes.
i iring di i alty occur as ligoid, solid, an ste
als requiring disposal will norm ; s o wasies.
H.mcnw_ﬁooﬂwwﬂ %MM can %nooam 2 major problem when there is the ﬂn&ﬁn.ﬁﬂ MMMMM_WMMM mema fisin-
.M?M Mo wwn to disposal. It is most evident that a significant portion of this vaaanﬂwsmnmﬁn s, aomes
wu.n%m cm. materials initially entering the laboratory are .Hma_wnmn_. In any case, mb& wherover possitle, nones-
mh\“&& materials should be retained in the aosnoﬁma_ummmn_mawa mﬂmn. memmwwa own A ——
i fals i i elivered, du d
kaging materials in which goods are : spor
mxmB.Emm o meHMw nw nwcwﬁ or tanks of fluids that can be left outside mm.a drawn from “m ﬁwmmws_.%m
omaamb@amv wn this g.m_x will free autoclaves and other decontamination and a_mwomm_ Wanﬁ_uonmma
omy £ i i taminated.
wwdo_“mnoq for more rapid and efficient handling o».. materials w:osmn Mo vw MMM éﬂ: e s wasic, Ex.
’ Noninfectious materials of dissimilar nature will be oquwon in »_mnw w&nomn:m octions waste. B
inati ble solvents, chemical ¢ , :
inations of common flammal olvents, chy al doactive iso-
w vaamﬁw_.onmw wﬂﬁw require input from a number of disciplines in arriving at the most pract P!
opes. .
i ntamination and disposal. ) o o individual
mcncmwwﬂmwhoww infectious waste will be required for ummmm_duwu@wnw. Edmmmww:w MUNnM Mm. e indiviou
i i f researchers of many discip. . : d fac
se involving large numbers o s o s
Momwwmmﬁmmmﬁmmw will range from the simplest to the most m_mgnwﬁw__..wﬂ ﬁﬁ“ﬂw _M,MMH“ mw otion in any
. i in A
i tes can be disposed o T
i ispel the notion that laboratory was  and Wi &
n.mm_n _w " n_r_,mnmnw household wastes. Selection and Q._moBoEm.E of .mmmm E.oo@m:nﬂm WM Mﬂ_mwuo_omw sbors
tory 1 Ncm.&,w are of no less importance than the consideration given to any othe:
tory materi port e CC v
mnMuBu:m:H:mE L o oanﬁo.aaﬁzmm._mwwwww Mﬂo“”wwog.nnm or materials from facilities
inci i ered prior to di
The principal questions to be answ : ; . o
n_om_mnmviﬁr potentially infectious microorganisms or animal tissues a

isi ili dure?
Have the objects or materizls been effectively disinfected or sterilized by an approved procedu

. . P L EoTS . .
I'wo me £ M ﬁ
i \ =) a used to treat infectious waste; incineration and sterilization (see previous
hods are gener: 11;
MODHCHG. Incineration relies on —:mw.w ﬂﬂaﬁg ature combustion to render waste noninfective. There are

three types of incinerators: . |
ingle chamber, “type 4, ot “pathological” incinerator operates mm a Savnmmﬁnﬁo %Mowwnwmu -
8 ﬂ%%cm“m‘mﬁmaolqmoamv. This type of incinerator is suitable for pathologic waste but no
te or waste-containing plastics. e
Eoﬁmﬂmmw.w.ﬂacﬂ incinerator with an afterburner operates ata ﬁanwﬂmﬂﬁo o.m.wow% wmm N
w.m.ﬁ mW%woﬂu An afterburner is located in the incinerator stack, altowing for additio
i bustion of gases. . -
Thew owmwﬁcﬁmn controlled-air incinerator burns waste at a nmn.m:nwa air noznnmqmnom m_mg _uaw
> ﬂ.:w ﬁiow:mavmn (1600-1200°F) followed by excess air combustion in the secon M@ c mber
mmuﬁwmwpmoonum [1093-1204°CT). Gas retention in the secondary chamber ranges from a

mum of 0.5 seconds.

i ili - cedure, have
If the objects have not been effectively disinfected or sterilized 3.\ an uvwﬂewa MM cdute, have
the oEomﬁm or materials been packaged in an approved manner for immediate on-

or transfer to another laboratory?

thods of
The type of container used to package infectious waste amnw:mm Ns M”w %MM M._M MNMMM.Q MM&E b of
i iti d type of treatment.

i the waste, storage conditions, an : oy used
rmn&uzm NMMNHMMMMMG nonwet waste are the plastic red or orange biohazard Wmmmwuwwmwmﬁwam s
nomSSMwm recognized mOn biohazardous materials and are tearproof Eﬁ leakproo .EQ, oow ids waste
prvers Ji wmw roof containers enclosed either in an outer leakproof nonﬁm.Eo.. oran on st
mnmﬂma\ @Mzﬂu acking material are necessary to prevent spilis or _nmwm %:.:wm transpo mcaoa_a o m.< ror
MNM»MMQ mznmnmm needles, scalpels, broken glass, etc., special tigid plastic containers s

i , n
e oo w Em nmmwa_wnm OMM“MMMWMMMMWWW special labels or markings. Special
i f infectious waste should be readi : cings. Specia
oWwM H“M.MWMW “uﬂ wording should be placed directly on the waste container. If the container:
C ] 'y

. .

. :
Hﬂcmﬂaw then labels must be removed prior to reuse of the container. For _Hm:w_uO:.. each container must be
elepheone number of the waste generator, the waste Tmﬁ~wﬁ_

g

constitutes the first phase of disposal. Disposal should therefore be interpreted in the heoodac: i




ot

-

on the container in case of an accident or spill. If infectious waste is to be stored prior to treatment,

s1gns, and entry should be limited to trained personnel. Storage areas should be cleaned and disinfected
regularly and should be free of vermin to prevent vector bome transmission,

* Does disposal of the disinfected or sterilized objects or materials involve any additional potential
hazards, biological or otherwise, to those carrying out the immediate disposal procedures or thoge

who might come into contact with the objects or materials cutside the laboratory complex?

Taevitably, disposal of matertals raises the question; “How can we be sure that the materials have been

treated adequately to ensura that their disposal does not constitute a hazard?” In the small Iaboratory, the

* identification of the type of infectious waste;

ségregation of the infectious waste from noninfectious waste at the point of waste generation;
* appropriate packaging and labeling of the waste;

* handling and moving the waste both before and after treatment;

¢ waste storage before and after treatment; and

* wasle treatment,

No federal regulations apply to infectious waste. The Resource Conservation and Recovery Act (RCRA
1976), the Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA 1980,
and their amendments — the Hazardous and Solid Waste Amendments (1984) and the Superfand Amend-
ments and Reanthorization Act of 1086 (SARA) —give the U S. Environmental Protection Agency the
authority to regulate hazardous waste disposal. The EPA has discussed the regulation of infectious waste
issued specific regulations. Under RCRA, however, the states have the authority to regulate hazardous
waste, and several have issued regulations specific for infectious waste.

Also, the U.S. Congress passed the Medical Waste Tracking Act of 1988 in response to medical waste
on beaches along the Atlantic coast. This act required the EPA to determine the effectiveness of tracking
regulations through 2 two-year tracking program, In 1989, the EPA issued the medical waste tracking
Teguiation appiicable to certain types of medical waste. It imposed packaging requirements and required
tracking from point of generation to disposal. The regulations applied specifically to severa] states in the
Northeast and to Puerto Rico. In a December 1990 interim report to Congress on the Medical Waste
Tracking Act, the EPA made 1o conclusions about the demonstration prograr’s effectiveness. The EPA.
suggested that the findings of the act could lead to development of model practices for regulating medi-
cal waste in communities

C. Emergency Response for Spills of infectious Waste

Spills of infectious waste can oceur in facilities that generate infectious and medical waste, and i the
transportation and disposal of that waste, and emergency response procedures are necessary for manag-
ing such events. These procedures must be developed as part of 2 comprehensive program of biosafety
and be in place before they are needed. Planning for emergencies requires a $ystematic approach that
consists of anticipating possible incidents, developing procedures and practices to prevent their occur-
rence, and defining the responses in case these incidents oceur.

Emergency response for chemical hazards is covered by Title 111 of the Superfund Amendments and
Reauthorization Act. Under SARA requirements, facitities using any listed chemical hazardous sub-
stance above a designated threshold qQuantity must notify the local emergency planning committee, the
stale emergency response commission, and the local fire department. Although many research and medi-

ilities do not meet the threshold planning quantity levels, those oxm@nn_um the threshold Jevel
nﬁmhmﬁmmwww%ﬁ contingency plans as published in the Code of Federal mnm.cmmnwaw mﬂo Hnﬂm nmammwﬂm”_wwmd
however, emergency planning for spills of infectious agents or other biogenic substances gu

evel. .

mmn%ﬁwwﬁhm%mw“w qwmw be standards or m&amnno issued by mnn:m&n..nm bodies or through no%“ﬂﬂm%“
planning efforts by individual institations, there is no mmnmﬂn mEa&.SQ or mﬁmbama WEM mwwg ool
m,an@ planning for infections agents. Until such mcam:umm are available, wmor mnmnﬁc. o) o .._.mmnonm”
and tailor an emergency response plan to its specific needs. The components of an emergency

plan include: -
. ticipating the Hazard (Infectious Agent) ) )
: %n&v_ammom infectious, allergenic, or toxic materials, and how they are stored, used {including
potential routes of exposure), and disposed of.
. Analysis of work practices or laboratory n_.onnaﬁnm” . )
M >M&W&m of equipment safety and containment design and efficacy of equipment, cabinets,
and PPE as primary bariiers. ) .,
d. Analysis of the secondary barrier properties of the mmo_:.Q.
2. Post-Anticipation Prevention ) ) .
mom:wﬁ.:mmmaﬁw Contrals — Assure that engineering controls are in place and routinely evaluated
for proper operation. )
b, ﬁoammnwmnﬂnmng — A model for a written contingency muHmE for hazardous mccmﬁmnom‘ﬁmw
. proposed by the federal National Response Team, is shown in Table XX VII (Hazardous Mate
rials Emergency Planning Guide, National Response Team, NRT-1 fMarch 19873).

Table XXVII. Components of a Sample Hazardous Materials mamqm_.wan< Plan

A. Introduction
1. Incident information surmmary
2. Promulgation document )
3. Legal authority and responsibifity for responding
4. Table of contents
5. Abbreviations and definitions
§. Assumptions/planning factors
7. Concspt of operations

a. Goveming Principles i

b. Organizational roles and responsihilities

¢. Relationship fo other plans

Instructicns on plan use

a. Purpose

b. Plan distribution

9. Record of amendments

bl

B. Emergency assistance telephone roster

C. Response functions )
1. Initial netification of response agencies
2. Direction and control
3. Coemmunications {among responders) o
4. Waming systems and emergency public notification
5. Public information/community relations
6. Resource management
7. Health and medical services
8. Response personng! safety
9. Personal protection of citizens
a. Indoor pratection
b. Evacuation procedures
¢. Other public protection strategies
10. Fire and rescue
11. Law enforcement
12, Ongoing incident assessment
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1. Laberatory, consultant, and other technical SUPpOIT resources
2. Technical library

i. Identity an emergency response coordinator.

ii. Establish a hierarchy of command and define lines of communication.

iii. Develop an emergency response plan (contingency plan) that addresses onty
those incidences with the highest probability of occurrence. Such a plan shoutd
include:

— development of contzinment and cleanup procedures for different categories of infec-
tious waste. for waste containing multiple biohazards, and for waste with unknown
bichazards:

— identification and assignment of persons respenstbie for the cleanup: assignments should
be based on the type of waste, area in the facility at risk. and training and skills of the
personnel:

— Placement of cleanup equipment and personal prolective equipment in easily acces-
sible locations: and

— specific procedures for accident reports. accident assessment, corrective action, and
follow-up should be developed.

iv. Train employees annually in the safe handling of biohazards and in emergency response
procedures.

¢. Communication Controfs — Assure that the internal communication necessary to warn for
evacuation (e.g.. alarms) is operational and evaluated on a routine basis; that external commu-
nication for contacting outside responders is available and operational; and that appropriate
phone numbers are available. .

d. Primary Prevention and Medical Surveillance — When appropriate, administer immuniza-
tions (e.g.. hepatitis B) and establish a reutine medical surveillance program to monitor worker
health (see Chapter 5: Control Methods),

3. Emergency Response {implementation of the contingency plan.
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Appendix Il

Blosafety Level Criterla for Infectious Agents *

The essential elements of the four biosafety levels for activities involving infectious agents are summa-
rized in Table I below. The levels are designated in ascending order, by degree of protection provided to
personnel, the environment, and the community.

Biosafety Level 1 (BSLI) is suitable for work involving agents of no known or of minimal potential
hazard to laboratory personnel and the environment. The [aboratory is not separated from the general
traffic patterns in the building. Work generally is conducted on open bench tops. Special containment
equipment is not required or generally used. Laboratory personnel have specific training in the proce-
dures conducted in the laboratory and are supervised by a scientist with general training in microbiology
or a related science.

The following standard and special practices, safety equipment, and facilities apply to agents as-
signed to BSL1:

A. Standard Microbiological Practices

1. Access to the laboratory is limited or restricted at the discretion of the laboratory director when
experiments are in progress,

2. Work surfaces are decontaminated once a day and after any spill of viable material.

3. All contaminated liquid or solid wastes are decontaminated before disposal.

4. Mechanical pipetting devices are used; mouth pipetting is prohibited.

Table |. Summary of Recommended Biosafety Levels for Infectious Diseases

.Eum&mé Practices and Technigues Safety Equipment Facilities
Level

1 Standard microbiological practices None: primary containment by adherance Basie
fo standard laboratory practices during
open hench operations.

2 Levet 1 practices, plus: ‘aboratory coats; Partial containment equipment {i.e., Class | Basic
decontamination of all infectious wastes; or l biclogical safety cabinets) used to

ted access; protective gloves and conduct mechanical manipuiative
biohazard warning signs as indicated. procedures that might increase the tisk of
exposure 10 perscnnel.

3 Level 2 practices, plus: special faboratory Partial containment equipment used for Containment
ciothing; controlled aceess. all manipufations of infactious material.

4 Level 3 practices, plus: entrance through Maximum containment equipment Maximum
clothes-change reom where sireet clothing is {i.e., Class iIf biclogica! safety cabinet Containment
removed and laboratory clothing is put on; or partial containment equipment in '
shower on exit; all wastes are decontaminated  ombination with fuli-body, air-supplied,
on exit from the facility. posttive-pressure personnel suit) used

for all procedures and attivities.

" Adapted from Biosafety in Microbiological and Biomecical Laboratories, 3rd Ed., USDHHS, USPHS, CDC, NIF, May 1883
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5. Eating, drinking, smoking, and applying cosmetics are not permitted in the work area. Food may
be stored in cabinets or refrigerators designated and used for this purpose only. Food storage
cabinets or refrigerators should be located outside of the work area.

6. Persons wash their hands after they handle viable materials and animals and before leaving the
laboratory.

7. All procedures are performed carefully to minimize the creation of aerosols.

It is recommended that laboratory coats, gowns, or uniforms be worn to prevent contamination or

soiling of street clothes,

&

B. Special Practices

1. Contaminated materials that are tobe decontaminated at a site away from the laboratory are
placed in a durable, leakproof container which is closed before being removed from the labora-
tory.

2. Aninsect and rodent control program is in effect,

C. Containment Equipment

Special containment equipment is generally not required for manipulations of agents assigned to BSL1.

D. Laboratory Facilities

1. The laboratory is designed so it can be cleaned easily.

2. Bench tops are impervious to water and resistant to acids, alkalis, organic solvents and moderate
heat.

- Laboratory furniture is sturdy. Spaces between benches, cabinets, and equipment are accessible
for cleaning.

4. Each laboratory contains a sink for handwashing.

3. If the laboratory has windows that open, they are fitted with fiy screens.

(95 ]

cumstance and determining who may enter or work in the laboratory.

3. The laboratory director establishes policies and procedures whereby only persons who have be
advised of the potential hazard and who meet any specific entry requirements (e.g., immuniz
tion) may enter the laboratory or animal rooms. .

4. When the infectious agent(s) in use in the laboratory require special provisions for entry (e.
vaccination), a hazard warning sign — incorporating the universal biohazard symbel — is post
on the access door to the laboratory work area. The hazard warning sign identifies the infectic
agent, lists the name and telephone number of the laboratory director or other responsible person(
and indicates the special requirement(s) for entering the laboratory.

5. An insect and rodent control program is in effect.

Laboratory coats, gowns, smocks, or uniforms are worn while in the laboratory. Before Jeavi:

the laboratory for a non-laboratory area (e.g., cafeteria, library, administrative offices), this pr

tective clothing is removed and left in the laboratory or covered with a clean coat not used in ¢

laboratory. .

7. Animals not involved in the work being performed are not permitted in the laboratory.

8. Special care is taken to avoid skin contamination with infectious materials; gloves should |

worn when handling infected animals and when skin contact with infectious materials is u

avoidable.

9. All wastes from laboratories and animal rooms are appropriately decontaminated before dispos:

10. Hypodermic needles and syringes are used only for parenteral injection and aspiration of flui

from laboratory animals and diaphragm bottles. Only needle-locking syringes or disposable §
ringe-needle units (i.e., needle is integral to the syringe) are used for the injection or aspiration.
infectious fluids. Extreme caution should be used when handling needles and syringes to avo
autoinoculation and the generation of acrosols during use and disposal. Needles should not t
bent, sheared, replaced in the skeath or guard or removed from the syringe following use. Tt
needle and syringe should be placed promptly in a puncture-resistant container and decontam

<

Biosafety Level 2 (BSL2) is similar to BSL1 and is suitable for work involving agents of moderate F
potential hazard to personnel and the environment, It ¢iffers in that 1) laboratory personnel have specific
training in handling pathogenic agents and are directed by competent scientists; 2) access to the labora- ported to the laboratory director. Medical evaluation, surveillance, and treatment are provided
tory is limited when work is being conducted; and 3) certain procedures in which infectious aerosols are appropriate and written records are maintained.
created are conducted in biological safety cabinets or other physical containment equipment. 3 12. When appropriate, considering the agent(s) handled, baseline serum samples for Jaboratory an

The fotlowing standard and special practices, safety equipment and facilities apply to agents assigned other at-fisk personnet are collected and stored. Additional serum specimens may be collecte
to BSL2: periodically, depending on the agents handled or the function of the facility.

13. A biosafety manual is prepared or adopted. Personne! are advised of special hazards and ar
required to read instructions on practices and procedures and to follow them.

nated, preferably by autoclaving, before discard or reuse.
I1. Spills and accidents that result in overt exposures to infectious materials are immediately n

A. Standard Microbiological Practices

1. Access to the laboratory is limited or restricted by the laboratory director when work with infec-
tious agents is in progress.

2. Work surfaces are decontaminated at least once 2 day and after any spill of viable material.

w.>:m_._mnenocm_Ecmno;omnsmwﬁmmnmnmnoamnm:mﬁawmmonw nmmucm&.
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C. Containment Equipment

Bioclogical safety cabinets (Class I or II) or other appropriate personal protective or physical contaic

ment devices are used whenever; . .

- Mechanical pipetting devices are used; mouth pipetting is prohibited.

- Eating, drinking, smoking, and applying cosmetics are not permitted in the work area. Food may
be stored in cabinets or refrigerators designated and used for this purpese only. Food storage
cabinets or refrigerators should be located outside the work area,

1. Procedures with a high potential for creating infectious aerosols are conducted. These may in
i clude centrifuging, grinding, blending, vigorous shaking or mixing, sonic disruption, openin,
3 containers of infectious materials whose internal pressures may be different from ambient pres
sures, inocuiating animals intranasally, and harvesting infected tissves from animals or eggs.

6. P . S . .
FMHMHM%MMMMMM their hands after handling infectious materials and animals, and when they i 2. High concentrations or large volumes of infectious agents are used. Such materials may be cen
. ] trifuged in th lahoratory if sealed h i if they an

7. All procedures are performed carefully to minimize the creation of aerosols. Dy T e et " or centrifuge safety cups are used and I they

opened only in a biclogical safety cabinet.

B. i i
Special Practices D. Laboratory Facilities

I. Contamninated materials that are to be decontaminated at a site away from the laboratory are

—

. The laboratory is designed so it can be cleaned easily.

Mwwmn in a durable leak-proof container which is closed before being removed from the labora- 2. Bench tops are impervious to water and resistant to acids, alkalis, organic solvents, and moderal
: i o heat.
2 .H.dm Ecﬁmﬂ@ nwunnﬁo.a limits access 8.8@ EUOBSQ. In general, persons who are at increased ] 3. Laboratory furniture is study, and spaces between benches, cabinets and equipment are acces
risk of acquiring infection, or for whom infection may be umusuaily hazardous, are not allowed in sible for cleaning
v . the laboratory-or animal rooms. The director has the final responsibility for assessing each cir- i 4. Each laboratory contains a sink for handwashing




3. If the laboratory has windows that open, they are fitted with fly screens.

6

. An autoclave for decontaminating infectious laboratory wastes is available,

Biosafety Level 3 (BSL3) is applicable to clinical, diagnostic, teaching, research, or production fa-

cilities in which work is done with indigenous or exotic agents that may cause serious or potentially
Jethal disease as a result of exposure by the inhalation route, Laboratory personnel have specific training
in handling pathogenic and potentially fethal agents and are supervised by competent scientists who are
experienced in working with these agents. All procedures involving the manipulation of infectious ma-
terial are conducted within biological safety cabinets or other physical containment devices, or by per-
sonnel wearing appropriate personal protective clothing and devices. The laboratory has special engi-
neering and design features, Iris recognized, however, that many existing facilities might not have all the

ity safeguards recommended for BSL3 (e.g., access zone, sealed penetrations, and directional air-

flow, etc.). It these circumstances, accepiable safety may be achieved for routine or repetitive operations
(e.g., diagnostic procedures involving the propagation of an agent for identification, typing, and suscep-
tibility testing) in laboratories where facility features satisfy BSL2 recommendations, provided the rec-
ommended “Standard Microbiological Practices “Special Practices,” and “Containment Equipment”
for BSL3 are rigorously followed, The decision to implement this modification of BSL3 recommenda-
tions should be made only by the laboratory director.

The following standard and special safety practices, equipment and facilities apply to agents assigned

to BSL3:
A. Stendard Microbiological Practices

=
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Work surfaces are decontaminated at least once 2 day and after any spill of viable materia},

All infectious liquid or solid wastes are decontaminated before disposal.

Mechanical pipetting devices are used; mouth pipetting is prohibited.

Eating, drinking, smoking, storing food, and applying cosmetics zre not permitted in the work
area,

Persons wash their hands after handling infectious materials and animals, and when they leave
the laboratory.

All procedures are performed carefully to minimize the creation of aerosols.

Special Practices

L.
2.

Ea

Laboratory doers are kept closed when experiments are in progress.

Contaminated materials that are to be decontaminated at a site away from the laboratory are
placed in a durable, leak-proof container which is closed before being removed from the Jabora-
tory.

laboratory or animal rooms. The director has the final responsibility for assessing each circum-
stance and determining who may enter or work in the laboratory.

The laboratory director establishes policies and procedures whereby only persons who have been
advised of the potential biohazard, who meet any specific entry requirements (e.g., immuniza-
tion), and who comply with all entry and exit procedures may enter the laboratory or animal
rooms,

When infectious materials or infected animals are present in the laboratory or containment mod-
ule, a hazard warning sign — incorporating the universal bichazard symbol — is posted on ail
lzboratory and animal room access doors. The hazard warning sign identifies the infectious agent,
lists the name and telephone number of the labozatory director or other responsible person(s),
and indicates zny special requirement(s) for entering the laboratory, such as the need for immu- .
nizations, respirators, or other personal protective measures.

All activities involving infectious materials are conducted in biclogical safety cabinets or other
physical containment devices within the containment module. No work in open vessals is con-
ducted on the open bench,

" The work surfaces of biological safety cabinets and other containment equipment are decontami-
nated when work with infectious materials is finished. Plastic-backed paper toweling used on
nonperforated work surfaces within biological safety cabinets facilitates cleanup,

8. Aninsect and rodent control program is in effect.

Laboratory clothing that protects street clothing (e.g., solid front or wrap-around gowns, scrub

suits, coveralls) is worn in the laboratory. Laboratory clothing is not worn outside the iaboratory,

and it is decontaminated before being laundered. - .

10. Special care is taken to avoid skin contamination with infectious Smnnm&w“ gloves .mroﬁa be
worn when handling infected animals and when skin contact with infectious materials is un-
avoidable. ] )

11. Molded surgical masks or respirators are worn in rooms containing infected animals.

12. Animals not involved in the work being conducted are not permitted in the laboratory.

13. All wastes from laboratories and animal rooms are appropriately decontaminated before dis-

osal.

14 @NQEE lines are protected with high-efficiency particulate air (HEPA) filters and liquid disin-
fectant traps. ) o )
Hypodermic needles and syringes are used only for parenteral injection “.En_ mmn:mﬂ_os of fluids
from laboratory animals and diaphragm bottles. Only needle-locking mw:wmn.m or n_;vo.m»w.a sy-
ringe-needle units (i.e., needle is integral to the syringe) are used for the injection or aspiration a.xq
infectious flujds. Extreme castion should be used when handling needles and syringes to avoid
autoinoculation and the generation of aerosols during use and disposal. Needles should not be
bent, sheared, replaced in the sheath or guard or removed from the syringe following use, .;.n
needle and syringe should be placed promptly in a puncture-resistant container and decontami-
nated, preferably by autoclaving, before discard or reuse. . ) )

16. Spills and accidents that result in overt exposures to infectious Bmﬁ:.m_m are reported immedi-
ately to the laboratory director, Appropriate medical evaluation, surveillance and treatrment are
provided and written records are maintained,

17. Baseline serum samples for all labaratory and other at-risk personnel should be coliected and
stored. Additional serom specimens may be collected periodically, depending on the agents handled
or the function of the laboratory.

I8. A biosafety manual is prepared or adopted. Personnel are advised of special hazards and are

required to read instructions on practices and procedures and to follow them,

~
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C. Containment Equipment

Biological safety cabinets (Class I or IT) or other appropriate combinations of nnaouﬂ protective or
physical containment devices (e.g., special protective clothing, masks, mmo,.\mmu respirators, centti-
fuge safety cups, sealed centrifuge rotors, and containment caging for animals) are used for alt
actjvities with infectious materials that pose a threat of aerosol exposure. These include manipula-
tion of cultures and of those clinical or environmental materials that might be a source of infectious
aerosols, the aerosol challenge of experimental animals; harvesting of tissues or fluids from infected
animals and embryonated eggs; and necropsy of infected animals.

D. Laboratory Facilities

1. The laboratory is separated from areas that are open to unrestricted traffic flow within the build-
ing. Passage through two sefs of doors is the basic requirement for entry into the laboratosy from
access corridors or other contiguous areas. Physical separation of the high containment labora-
tory from access corridors or other laboratories or activities may alse be provided by a n._oczw-
doored clothes change room (showers may be included), airlock, or other access facility that
requires passage through two sets of doors before entering the laboratory.

2. The interior surfaces of walls, floors, and ceilings are water-resistant so they can be cleaned
casily. Penetrations in these surfaces are sealed or capable of being sealed to facilitate decontarmi-

nating the area. .
3. Bench tops are impervious to water and resistant to acids, alkalis, organic solvents, and moderate
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4. Lezboratory fumiture is sturdy, and spaces between benches, cabinets, and equipment are acces-
sible for cleaning.

5. Each laboratory contains a sink for handwashing. The sink is foot, elbow, or automatically oper-

ated and is located near the laboratory exit door.

. Windows in the laboratory are closed and sealed.
Access doors to the laboratory or containment module are self-closing.
. An autoclave for decontaminating infectious laboratory wastes is available,
A ducted exhaust air venilation system Is provided. This system creates directional airflow that
draws air inte the laboratory through the entry areas. The exhaust air is not re-circulated to any
other area of the building, is discharged to the outside, and is dispersed away from occupied areas
and air intakes. Personnel must verify that the direction of the afrflow (into the laboratory) is
proper. The exhaust air from the Iaboratory room can be discharged to the outside without being
filtered or otherwise treated.

10. The HEPA-filtered exhaust air from Class I or Class Ii bielogical safety cabinets is discharged
directly to the outside or through the building exhaust system. Exhaust air from Class I or II
biological safety cabinets may be re-circulated within the laboratery if the cabinet is tested and
certified at least every 12 months. If the HEPA-filtered exhaust air from Class I or 11 biological
safety cabinets is to be discharged to the outside through the building exhaust air system, it is
connected to this system in a manner (e.g., thimble unit connection) that avoids any interference
with the air balance of the cabinets or building exhaust system.

D 00 =1 N

Biosafety Level 4 (BS1A4) is required for work with dangerous and exotic agents that pose a high
individual risk of life-threatening disease. Members of the laboratory staff have specific and thorough
training in handling extremely hazardous infectious agents, and they understand the primary and second-
ary containment functions of the standard and special praciices, the containment equipment, and the labo-
ratory design characteristics. They are supervised by competent scientists who are trained and experienced
in working with these agents. Access to the laboratory is strictly controlled by the laboratory director. The
facility is either in a separate building or in a controlled area within a building, which is completely isclated
from all other areas of the building. A specific facility operations manual is prepared or adopted.

Within work areas of the facility, all activities are confined to Class ITI biclogical safety cabinets or
Class I or Class II biological safety cabinets used along with one-piece, positive-pressure, personnel
suits ventilated by a life support system. The maximum containment laboratory has special engineering
and design features to prevent microorganisms from being disseminated into the environment.

The following standard and special safety practices, equipment, and facilities apply to agents as-
signed to BSLA4:

A, Standerd Micrebiological Practices

1. Work surfaces are decontaminated at least once a day and immediately after any spill of viable
material.

2. Only mechanical pipetting devices are used. ]

3. Eating, drinking, smoking, storing food, and applying cosmetics are not permitted in the labora-
tory.

4. All procedures are performed carefully to minimize the creation of aerosols.

B. Special Practices

1. Biological materials to be removed from the Class IIT cabinet or from the maximum containment
laboratory in a viable or ntact state are transferred to 2 nonbreakable, sealed primary container
and then enclosed in a nonbreakable, sealed secondary container which is remoaved from the
facility through a disinfectant dunk tank, fumigation chamber, or an airlock designed for this
purpose.

2. No materals, except for biclogical materials that are to remain in a viabie or intact state, are
removed from the maximum containment laboratory unless they have been autoclaved or decon-
taminated before they leave the facility. Equipment or material that might be damaged by high
temperatures or steam is decontarninated by gaseous or vapor methods in an airlock or chamber
designed for this purpose.

C.

3. Only persons whose presence in the facility or individual laberatory rooms is required for prc
_gram or support purposes are authorized to enter, Persons who may be at increased risk of acquit
ing infection, or for whom infection may be pnusually hazardous, are not allowed in the Jaborz
tory or animal rooms. The supervisor has the final responsibility for assessing each circumstanc
and determining who may enter or work in the leboratory. Access to the facility is limited b
means of secure, locked doors; accessibility is managed by the laboratory director, biohazard
control officer, or other person respansible for the physical security of the facility. Before entes
ing, persons are advised of the potential biohazards and instructed as to appropriate safeguard
for ensuring their safety. Authorized persons comply with the instructions and all other apphi
cable entry and exit procedures. A Iogbook signed by all personnel, indicates the date and ime ¢
each entry and exit. Practical and effective protocols for emergency situations are established.

4. Personnel enter and leave the facility only through the clothing change and shower rooms. Per
sonne! shower each time they leave the facility. Personnel use the airlocks to enter or leave th
laboratory only in an emergency.

5. Street clothing is removed in the outer clothing change room and kept there. Complete laberator:
clothing (including undergarments, pants and shirts or jumpsuits, shoes, and gloves) is providet
and used by all personnel entering the facility, Head covers are provided for personnel who de
not wash their hair during the exit shower. When leaving the laboratory and before proceeding
into the shower area, personnel remove their laboratory clothing and store it in 2 locker or hampe
in the inner change room. — T

6. When infections materials or infected animals are present in the laboratory or animal rooms, ;
hazard warning sign — incorporating the universal biohazard symbol — is posted on all acces
doors. The sign identifies the agent, lists the name of the laboratory director or other responsibl
person(s), and indicates any special requirements for entering the area (e.g., the need for immu
nizations or respirators). .

7. Supplies and materials needed in the facility are brought in by way of the double-doored auto
clave, fumigation chamber, or airlock which is appropriately decontaminated between each use
After securing the outer doors, personnel within the facility retrieve the materials by opening th
interior doors of the autoclave, fumigation chamber, or airlock. These doors are secured afte
materials are brought into the facility.

8. Aninsect and rodent controi program is in effect.

9. Materials (¢.g., plants, animals, and clothing) not related to the experiment being conducted ar.
not permitted in the facility.

10. Hypodermic needles and syringes are used ocly for parenteral injection and aspiration of fluid
from laboratory animals and diapkragm bottles. Only needle-locking syringes or disposable sy
ringe-needle units (i.e., needle is integral to the syringe} are used for the injection or aspiration 0
infectious fluids. Needies should not be bent, sheared, replaced in the sheath or guard or remover
from the syringe following use. The needle and syringe should be placed promptly in 2 puncture
resistant container and decontaminated, preferably by autoclaving, before discard or reuse. When
ever possible, cannulas are used instead of sharp needles (e.g., gavage).

11. A systern is set up for reporting laboratory accidents and exposures and employee absenteeism
and for the medical surveillance of potential laboratory-associated illnesses. Written records art.
prepared and maintained. An essential adjunct to such a reporting-surveillance system is Em
availability of a facility for the quaranting, isolation, and medical care of personnel with potentia
or known laboratory-associated illnesses.

Containment Equipment .

All procedures within the facility with agents assigned to BSL4 are conducted in the Class 111
biological safety cabinet or in Class [ or II bioclogical safety cabinets used in noe.::nmon;ﬁ.g one-
piece, positive-pressure personnel suits ventilated by a life support system. Activities §m_._ viral
agents (e.g., Rift Valley fever virus) that require BSL4 secondary containmert omvmciu.nm. and for
which highly effective vaccines are available and used, can be conducted within Class T of Class ﬁ
biological safety cabinets within the facility without the one-piece, positive-pressure noaonnﬂ.mﬁn
being used if 1) the facility has been decontamirated; 2) no work is being conducted in the facility
with other agents assigned to BSL4; and 3) all other standard and special practices are followed..




D. Laberatory Facilities

1. The meximum containment facility consists of eititer a separate building or a clearly demarcated
and isolated zone within a building. Outer and inner change rooms separated by a shower are
provided for personne! entering and leaving the facility. A double-doored autaclave, fumigation
chamber or ventilated airlock is provided for passage of those materials, supplies, or equipment
that are not brought into the facility through the change room.

2. Walls, floors, and ceilings of the facility are constructed to form a sealed internal shell which
facilitates fumigation and is animal- and insect-proof. The internal surfaces of this shell are resis-
tant to liquids and chemicals, thus facilitating cleaning and decontamination of the area, All
penetrations in these structures and surfaces are sealed. Any drains in the floors contain traps
filled with a chemical disinfectant of demonstrated efficacy against the target agent, and they are
connected directly to the liquid waste decontamination system. Sewer and other ventilation lines
contain HEPA filters.

3. Internal facility appurtenances (such as light fixtures, air ducts, and utility pipes) are arranged to
minimize the horizontal surface area on which dust can settle.

4. Bench tops have seamless surfaces that are impervious to water and resistant to acids, ajkalis,
organic solvents, and moderate heat.

5. Laboratory furniture is of simple and sturdy construction, and spaces between benches, cabinets,
and equipment are accessible for cleaning,

6. A foot-, elbow-, or automatically operated handwashing sink is provided near the door of each
laboratory room in the facility,

7. If there is a central vacuum system, it does not serve arcas outside the facility. In-line HEPA
filters are placed as near as practicable to each use point or service cock. Filters are installed to
permit in-place decontamination and replacement. Other liquid and gas services to the facility are
protected by devices that prevent backflow.

8. If water fountains are provided, they are foot-operated and are located in the facility corridors
outside the laboratory. The water service to the fountain is not connected to the backflow-pro-
tected distribution system supplying water to the laboratory areas.

9. Access doors to the laboratory are self-closing and lockable.

10. Any windows are breakage-resistant,

1. A double-doored autoclave is provided for decontaminating materfals passing out of the facility.
The autoclave door that opens to the area external to the facility is sealed to the outer wall and
automatically controlled so that the outside door can be opened only after the autoclave “steri]-
ization” cycle has been completed.

12. A pass-through dunk tank, fumigation chamber, or an equivalent decontamination method is
provided so that materials and equipment that cannot be decontaminated in the autoclave can be
safely removed from the facility.

13. Liguid effluents from laboratory sinks, biological safety cabinets, floors, and autoclave cham-
bers are decontaminated by heat treatment before being released from the maximum containment
facility. Liquid wastes from shower rooms and toilets may be decontaminated with chemical
disinfectants or by heat in the liquid waste decontamination system. The procedure used for heat
decontamination of liquid wastes is evaluated mechanically and biologically by using a record-
ing thermometer and an indicator microorganism with 2 defined heat susceptibility pattern. If
liquid wastes from the shower rooms are decontaminated with chemical disinfectants, the chemi-
cal used is of demonstrated efficacy against the target or indicator microorganisms.

14. An individual supply and exhaust air ventilation system is provided. The system maintains pres-
sure differentials and directional airflow as required to assure flow inward from areas outside of
the facility toward areas of highest potential risk within the facility. Manometers are used to sense
pressure differentials between adjacent areas maintained at different pressure levels, If a system
malfunctions, the manometers sound an alarm, The supply and exhaust airflow is interlocked to
assure inward (or zero) airflow at all times.

15. The exhaust air from the facility is filtered through HEPA filters and n.mmn:m_.mmﬂ .8 the outside so
that it is dispersed away from occupied buildings and air intakes. Within Em.wmn:;v.. the m_cwww are
located as near the laboratories as practicable to reduce the length of potentially contaminated air
ducts. The filter chambers are designed to allow in siti decontamination before filters are removed,
and to facilitate certification testing after they are replaced. Coarse filiers and HEPA filters are
provided to treat air supplied to the facility to increase the lifetime of the mxrwcmm HEPA filters and
to protect the supply air system in case air pressures become c:c&wnooa in the u‘mconmﬂo@..

16. The treated exhaust air from Class I and II biclogical safety o.m_.uaoﬁ.m can be discharged into the
laboratory room environment or to the outside through the facility air exhaust system. y.n. exhaust
air from Class T or 11 biological safety cabinets is discharged into Em._mcoamﬁo? the om_u.Enm are
tested and certified at six-month intervals. The treated exhausted air from Class I11 U._omo@.om_
safety cabinets is discharged, without recirculation, zz.ocww two sets of HEPA mza.a n series,
via the facility exhaust air system. If the treated exhaust air H..no.B any of these om.cSoB is w;-
charged to the outside through the facility exhaust air mxmﬁn.: itis 85.608& 8. this system in a
manner (e.g., thimble unit connection) that avoids any interference with the air balance of the
cabinets or the facility exhaust air system. 3 .

17. A specially designed suit area may be provided in the mmo;:%, Personnel who enter ﬂEm area wear
a one-piece, positive-pressure suit that is ventilated @.v_ a _.Hmm support mwmno_.:..ﬂ:o E.“n support
system includes alarms and emergency backup breathing air ﬁ:wm. Entry to ::w. area is through
an airfock fitted with airtight doors. A chemical shower is provided to awmoEmﬁEBn the surface
of the suit before the worker leaves the area. The exhaust air from the suit area is filtered by 9<.o
sets of HEPA filters installed in series. A duplicate filtration unit, nxrm.mmm fan, m:m_ an mﬁoBmu-
cally starting emergency power source are provided. The air pressure within the suit area is lower
than that of any adjacent area. Emergency lighting and communication systems are vnoﬁmwa. All
penetrations into the internal shell of the suit area are sealed. A aongm.mooﬁa antoclave is pro-
vided for decontaminating waste materials to be removed from the suit area.




Appendix HI

Biosafety Level Criteria for Vertebrate Animals *

If experimental animals are nsed, institutional management must provide facilities and staff and esta
lish practices that reasonably ensure appropriate levels of environmental quality, safety, and care. Lab
ratory animal facilities are extensions of the laboratory and, in some simations, are integral to at
inseparable from the laboratory. As a general principle, the biosafety leve] (facilities, practices, at
operational requirements) recommended for working with infectious agents ir vive and in vitro a
comparable. The esseatial elements of the four biosafety levels for activities involving vertebrate ar
ﬁ tmals are summarized in Table I below.

These recommendations presuppose that laboratory animal facilities, operational practices, and quz
ity of animal care meet applicable standards and regulations, and that appropriate species have bet
selected for animal experiments (e.g., according to NIH's Guide for the Care and Use of Laborate
Animals® and “Laboratory Animal Welfare Regulations,” 9 CFR, Subchapter A, Parts 1,2, and 3.)

Ideally, facilities for laboratory animals used for studies of infectious or noninfectious disease shou
be physically separate from other activities such as animal productioniand quarantine; clinical laborat
ries; and especially from facilities that provide patient care. Animal facilities should be designed ar
constrocted to facilitate cleaning and housekeeping. A “clean hall/dirty halt” layout is very useful
recucing cross-contamination. Floor drains shouid be installed in animal facilities only on the basis
clearly defined needs. If floor drains are installed, the drain traps should always contain water.

Table 1. Summary of Recommended Biosafety Levels for Activities in which Experimentally or
Naturally Infected Vertebrate Animals are Used

Biosafety Practices and Techniques Safety Equipment Facilities
Level

1 Standard animal care and None Basic
management practices

2 Laboratory coats; decontamination of &ll Parfial containment equipment and‘or Basic
infectious wastes; limited access; pretactive personal protective devices usad for activities
gloves and biohazard warning $igns and manipulations of agents or infected animals
as indicated. that produce aerosols.

3 Level 2 practices, pius: special laboratory Partial containment equipment used for all Containmer:
clothing; controlled accass. manipulafions of infectious material.

4 Level 3 practices, plus: entrance through Maximum containment equipment (ie., Ciass Ml Maximum
elothes-change roam where street clothing is biolegical safety cabinet or partial containment Containmen
remaved and laboratory clothing is put on; equipment in combination with full-bedy, air-
shower on exit alf wastes are decontaminated  supplied, pasitive-pressure personnel suft)
before removal from the facility. used for all procedures and activities.

* Adapted fram Biosafefy in Microbiological and Biemedical Laborafories, 3rd Ed., USDHHS, USPHS, GDC, NIH, May 1993.
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« Thele recommendations describe four combinations of practices, safety equipment, and facilities for
experiments on animals infected with agents known or believed to produce infections in humans. These
four combinations provide increasing levels of protection to personnel and to the environment, and are
recommended as minimal standards for activities involving infected laboratory animals. These four combi-
nations, designated animal biosafety levels (ABSL) {~4, describe animal facilities and practices applicable
to work on animals infected with agents assigned to corresponding bicsafety levels (BSL) 1—4.

Facility standards and practices for invertebrate vectors and hosts are not addressed specifically in
standards written for commonly used laboratory animals. “Laboratory Safety for Arboviruses and Cer-
tain Other Viruses of Vertebrates” — prepared by the Subcommittee on Arbovirus Laboratory Safety of
the American Committee on Arthropod-Borne Viruses — serves as a useful reference in the design and
operation of facilities using arthropods.®

Animal Biosafety Level 1:
A. Standard Practices

—

- Doors to animal reoms open inward, are self-closing, and are kept closed when experimental
animals are present.

Work surfaces are decontaminated after use or after any spill of viable materials.

. Eating, drinking, smoking, and storing food for human use are not permitted in animal rooms.
Personnel wash their hands after handling cultures and 2nimals and before leaving the animal
roomn.

5. All procedures are performed carefully to minimize the creation of acrosols.

6. An insect and redent control program is in effect.

PSR

B. Special Practices

1. Bedding materials from animal cages are removed in such a manner to minimize the creation of
aerosols and are disposed of in compliance with applicable institutional or local requirements.

2. Cages are washed manually or in a cagewasher, Temperature of final rinse water in a mechanical
washer should be 180°F,

3. The wearing of laboratory coats, gowns, or uniforms in the animal room is recommended. It is
further recommended that laboratory coats worn in the animal room not be worn in other areas,

C. Containment Equipment
Special containment equipment is not required for animals infected with agents assigned to BSL1.
D. Animal Facilities

1. The animal facility is designed and constructed to facilitate cleaning and housekeeping.

2. A handwashing sink is available in the anima] facility.

3, If the animal facility has windows that open, they are fitted with fly screens.

4. Tt is recommended, but not required, that the direction of airflow jn the animal facility is inward
and that exhaust air is discharged to the outside without being recirculated to other rooms.

Animal Biosafety Level 2:
A. Standard Practices
1

Doors to animal rooms open inward, are self-closing, and are kept closed when infected animals
_are present.
2. Work surfaces are decontaminated after use or spills of viable materials.
3. Eating, drinking, smoking, and storing of food for human use are not permitted in animal rooms.
4. Personnel wash their hands after handing cultures and animals, and before leaving the animal

room.

3. All procedures are performed carefully to minimize the creation of aerosols.
6. An insect and rodent control program is in effect.

B. Special Practices
1. Cages are decontaminated, preferably by autoclaving, before they are cleaned and washed.

2. Surgical-type masks are worn by all personne! entering animal rooms housing nonhumar primates.
3. Laboratory coats, gowns, or uniforms are worn while in the animal room. This protective cloth-
ing is removed before leaving the animal facility.

The laboratory or animal facility director limits access to the animal room to personnel who have
been advised of the potential hazard and who need to enter the room for program or service pur-
poses when work is in progress. In general, persons who may be at increased risk of acquiring
infection or for whom infection might be unusually hazardous are not allowed in the animal room,

5. The laboratory or animal facility director establishes policies and procedures whereby only per-
sons who have been advised of the potential hazard and meet any specific requirements (e.g., for
immunization) may enter the animal room.

6. When the infections agent(s) in use in the animal room requires special entry provisions (e.g.,
vaccination), a hazard warning sign — incorporating the universal biohazard symbol — is posted
on the access door to the animal room. The hazard warning sign identifies the infectious agent,
lists the name and telephone number of the animal facility supervisor or other responsible person(s),
and indicates the special requirement(s) for entering the animal room.

7. Special care is taken to avoid skin contamination with infections materials; gloves should be worn
when handling infected animals and when skin contact with infectious materials s unavoidable.

8. All wastes from the animal room are appropriately decontaminated — preferably by autoclaving
— before disposal. Infected animal carcasses are incinerated after being transported from the
animal roem in leakproof, covered containers.

9. Hypodermic needles and syringes are used only for the parenteral injection or aspiration of fluids from
laboratory animals and diaphragm bottles, Only needle-locking syringes or disposable needle syringe
units (L.e., the needle is integral to the-syringe) are used for the injection or aspiration of infectious fluids,
Needles should not be bent, sheared, replaced in the sheath or guard, or removed from the syringe
following use. The needle and syringe should be placed promptly irt a punchire-resistant container and
decontaminated — preferably by autoclaving — before being discarded or reused.

10, If floor drains are provided, the drain traps shall always be filled with water or a suitable disinfectant.

11. When appropriate, considering the agents handled, baseline serum samples from animal care and
other at-risk personme] are collected and stored. Additional serum samples may be collected
periodically, depending on the agents handled or the function of the facility.

b

C. Containment Equipment

Biological safety cabinets, other physical containment devices, and/or personal protective devices )
{e.g., respirators, face shields) are used whenever procedures with a high potential for creating
aerosols are conducted. These include necropsy of infected animals; harvesting of infected tissues
or fluids from animals or eggs; intranasal inoculation of animals; and manipulations of high concen-
trations or large volumes of infectious materials.

D. Arnimal Focilities

The animal facility is designed and constructed to facilitate cleaning and housekeeping.

. A handwashing sink is available in the room where infected animals are housed.

. If the animal facility has windows that open, they are fitted with fly screens.

. Itis recommended, but not required, that the direction of airflow in the animal facility is inward
and that exhaust air is discharged to the outside without being recirculated to other rooms.

Arn autoclave that can be used for decontaminating infectious laboratory waste s available in the
building with the animal facility.

LR
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Animal Biosafety Level 3:
A. Standard Practices

1. Doors to animal rooms open inward, are self-closing, and are kept closed when work with infected
animals js in progress.




2. Work surfaces are decontaminated after use or spills of viable materials.

3. Eating, drinking, smoking, and storing of food for human use are not permitied in animal rooms.

4. Personnel wash their hands after banding cultures and animals, and before leaving the animal
room.

5. All procedures are performed carefully to minimize the creation of aerosols.

6. An insect and rodent control program is in effect.

B. Special Practices

1. Cages are autoclaved before bedding is removed and before they are cleaned and washed.
Surgical-type masks or other respiratory protection devices (e.g., respirators) are worn by per
sonnel entering animal rooms housing animals infected with agents assigned to BSL3.

. Wrap-around or soid-front gowns$ or uniforms are worn by personnel entering the animal room,
Front-button laboratory coats are unsuitable. Protective gowns must remain in the animal room
and must be decontaminated before being laundered.

. The laboratory director or other responsible person restricts access to the amimal room to person-
nel who have been advised of the potential hazard and wha need to enter the room for program or
service purposes when infected animals are present. In general, persons who may be at increased
risk of acquiring infection, or for whom infection might be unusvally hazardous, are not allowed
in the animal room.

- The laboratery director or other responsible person establishes policies and procedures whereby
only persons who have been advised of the potential hazard and meet any specific requirements
(e.g., for immunization) may enter the animal room.

6. Hazard waming signs — incorporating the universal biohazard wamning symbol — are posted on
access doors to animal rooms containing animals infected with agents assigned to BSL3. The
hazard warning sign should identify the agent(s) in use, list the name and telephone number of
the animal room supervisor or other responsible person(s), and indicate any special conditions of
entry into the animal room (e.g.. the need for immunizations or respirators).

. Personnel wear gloves when handling infected animals, Gloves are removed aseptically and
autoclaved with other animal room wastes before being disposed of or reused.

. All wastes from the animal room are autoclaved before disposal. All animal carcasses are incinerated.
Dead animals are transported from the anima] room to the incinerator in leakproof, covered containers,

9. Hypodermic needles and syringes are used only for gavage or for parenteral injection or aspira-
tion of fluids from laboratory animais and diaphragm bottles. Only needle-locking syringes or
disposable needle syringe units (i.e.. the needle is integral to the syringe) are used. Needles
should not be bent, sheared, replaced in the sheath or guard, or removed from the syringe follow-
ing use. The needle and syringe should be placed promptly in a puncture-resistant container and
decontaminated — preferably by autoclaving — before being discarded or reused. Whenever
possible, cannulas should be used instead of sharp needles (e.g., gavage).

10. Iffloor drains are provided, the drain traps shall always be filed with water or a suitable disinfectant.

11. If vacuum lines are provided, they should be protected with high-efficiency particulate air (HEPA)

filters and liquid disinfectant traps.

12. Boots, shoe covers, or other protective footwear and disinfectant footbaths are available and used

when indicated.

I
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C. Containment Equipment

1. Personal protective clothing and equipment and/or other physical containment devices are used
for all procedures and manipulations of infectious materials or infected 2nimals.

2. The risk of infectious aerosels from infected animals or their bedding can be reduced if animals
are housed in partial containment caging systems, such as open cages placed in ventilated enclo-
sures (e.g., laminar flow cabinets); solid wall and bettom cages covered by filter honnets; or
other equivalent primary containment systems.

D. Animal Facilities

. 1. The animal facility is designed and constructed to facilitate cleaning and housekesping, and is

i separated from areas that are open to unrestricted personnel traffic within the building. Passage

3. A foot-, elbow-, or automatically operated handwashin,

B. Special Practices

through two sets of doors is the basic requirement for entry into the animal room from acees!
corridors or other contiguous areas. Physical separation of the animai room from access corridor:
or other activities may also be provided by a double-doored clothes change room (showers maj3
be included), airlock, or other access mmnmmmw;Ew?mmmmmn@%ﬁwmmmm@.ﬁﬂcmmiﬁ?ﬁmm¢m -door:
before entering the animal room. e

2. The intesicr surfaces of walls, floors, and ceilings are water-resistant so that they may.be easily

cleaned. Penetrations in these surfaces are séaled, on.mwu,wmﬁm‘om bieing sealed; to facilitate fomiga
tion or space decontamination. : o .
g sink is provided near-each animat root

exit door.

4. Windows in the animal room are closed and sealed. . )
5. Animal room doors are self-closing and are kept closed when infected animals are present.

An autoclave for decoptaminating waste is available, preferably within the animal room. E.Nﬁnn.
als to be autoclaved outside the animal room are transported in a leakproof, covered container.

7. An exhaust air ventilation system is provided. This system creates directional airflow.that draw:

air into the animal room through the entry »Hm... The building exhaust can be used for this maﬂ.o%
if the exhaust air is not recirculated to any other,area of the building, is &mnnm.ﬂm.wn_.B the o_._ﬂam
and is dispersed away from occupied areas and air intakes: Personnel must Sw:@.. Emnmﬁm &ﬂn.
tion of the airflow (into the animal room) is proper. The exhaust ar mmo_.;u. the wbﬁ._mu _.ooﬂ. tha
does not pass through biological safety cabinets or other mﬁBm@ containment equipment can be
discharged to the outside without being filtered or otherwise treated.

8. The HEPA-filtered exhaust air from Class I or Class IT biological safety cabinets or other primary

containment devices is discharged directly to the outside or through the building nx:m_.“.mn system
Exhaust air from these primary containment devices may be recirculated within the animal roorr
if the cabinet is tested and certified at least every 12 months. If the HEPA-filtered nxrm:mm. ai1
from Class 1 or Class II biological safety cabinets is discharged to the outside .c:ocmw amm build-
ing exhaust system, it is connected to this system in a manner nm.m.; ﬁEEm unit connection) thal
aveids any interference with the air balance of the cabinets or building exhaust system.

Animal Biosafety Level 4:
A. Standard Practices

1. Doors to animal rooms open inward and are self-closing,

2. Work surfaces are decontaminated after use or spills of viable materials. o

3. Eating, drinking, smoking, and storing of food for human use are not permitted in animal rooms.
4. All procedures are performed carefully to minimize the creation of aerosols.

5. An insect and rodent control program is in effect.

6. Cages are autoclaved before bedding is removed and before they are cleaned and washed.

1. Only persons whose entry into the facility or individual animal rooms is required for program o1

support purposes are authorized to enter. Persons who may be at increased risk of acquiring

infection or for whom infection might be unusually hazardous are not allowed in the antma

facility. Persons at increased risk may include children, pregnant women, and persons who arc

immunodeficient or immunosuppressed. The supervisor has the final responstbility for assessing
Access to the facil-

each circumstance and determining who may enter or work in the HmwoBﬁmQ. es X
ity is limited by secure, locked doors; accessibility is controlled by the animal facility supervisor

biohazards control officer, or other person responsible for the physical security of the ».mn:.mq,
d instructed on appropriate

Before entering, persons are advised of the potential biohazards and 2
safeguards. Personnel comply with the instructions and all other mnu_amzm.nna and exit proce-
dures. Practiczl and effective protocols for emergency situations are established.

7 Personnel enter and leave the facility only through the clothes change and shower rooms. Person-
nel shower each time they leave the facility. Head covers are provided to personnel who do not
wash their hair during the exit shower. Except in an emergency, personnel do not enter or leave

the facility through the airlocks.




penetrations in these structures and surfaces are sealed.
" ————

3. Street clothing is removed in the outer clothing change room and kept there. Complete laboratory
clothing (including undergarments, pants and shitts or jumpsuits, shoes, and gloves) are provided
and used by all personnel entering the facility. When exiting, personnel remove laboratory clothing
and store it in a locker or hamper in the inner change room before entering the shower area.

4. When infectious materials or infected animals are present in the animal rooms, a hazard warning
sign — incorporating the universal biohazard symbol — is posted on all access doors. The sign
identifies the agent, lists the name and telephone number of the animal facility supervisor or
other respensible person(s), and indicates any special conditions of entry into the area (e.g., the
need for immunizations and respirators).

5. Supplies and materials to be taken into the facility enter by way of a double-doored autoclave,
furnigation chamber, or airlock that ts appropriately decontaminated between each use. After
securing the outer doors, personnel inside the facility retrieve the materials by opening the inte-
rior doors of the autoclave, fumigation chamber, or airlock. This inner door is secured after
materials are bronght into the facilizy.

6. Materials (e.g., plants, animals, clothing) not related to the experiment are not permitted in the
facility. -

7. Hypodermic needles and syringes are used only for gavage or for parenteral injection and aspira-
tion of fluids from laboratory animals and diaphragm bottles, Only needle-locking syringes or
disposable needle syringe units (i.e., the needle is integral to the syringe) are used. Needles
should not be bent, sheared, replaced in the sheath or guard, or removed from the syringe follow-
ing use. The needle and syringe should be placed promptly in a puncture-resistant container and
decontaminated — preferably by autoclaving -— before being discarded or reused. Whenever

possible, cannulas should be used instead of sharp needles (e.g., gavage).

8. A system is developed and is operational for the reporting of animal facility accidents and expo-

sures, employee absenteeism, and for thé medical surveillance of potential laboratory-associated

illnesses. An essential adjunct to such a reporting/surveillance system is the availability of a

facility for the quarantine, isolation, and medical care of persons with potential or known labora-

tory-associated illnesses.

Baseline senmm samples are collected and stored for all laboratory and other at-risk personnel,

Additional serum specimens may be collected periodically, depending on the agents handled or

the function of the lahoratory.
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Containment Equipment

Laboratoty animals, infected with agents assigned to BSLA, are housed in the Class Il biological
safety cabinet or in partial containment caging systems (such as open cages placed in ventilated
enclosures; solid wall and botton cages covered with filter bornets; or other equivalent primary
containment systems) in specially designed areas in which all personnel are required to wear one-
piece, positive-pressure suits ventilated with life-support systems. Animal work with viral agents
that require BSL4 secondary containment, and for which highly effective vaccines are available and
used, may be conducted with partial containment cages and without the one-piece, positive-pressure
personnel suit if 1) the facility has been decontaminated; 2) if no concurrent expetiments requiring
BSLA primary and secondary containment are being done in the facility; and 3) if all other standard
and special practices are followed.

D. Animal Facilities

i. The znimal rooms are located in a separate building or in a clearly demarcated and isolated zone
within a building, Outer and inner change rooms, separated by a shower, are provided for person-
nel entering and leaving the facility. A double-doored antoclave, fumigation chamber, or venti-
tated airfock is provided for passage of materials, supplies, or equipment which are not brought
into the facility through the change room.

2. Walls, floors, and ceilings of the facility are constructed to form a sealed internal shell, which
facilitates fumigation and is animal- and insect-proof. The internal surfaces of this shell are resis-
tant to liquids and chemicals, thus facilitating cleaning and decontamination of the area. All
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Internal facility appurtenances (such as light fixtures, air ducts, and utility pipes) are arranged to
minimize the horizontal surface area on which dust can settie. .

A foot-, elbow-, or automatically operated handwashing sink is provided near the door of sach
animal room within the facility.

If there is a central vacuum system, it does not serve areas outside of the facility, The vacoum
system has in-line HEPA filters placed as near as practicable to each use-point or service cock.
Filters are installed to permit in-place decontamination and replacement. Other liquid and gas
services for the facility are protected by devices that prevent backflow.

. External animal facility doors are self-closing and seif-locking.

Any windows must be resistant to breakage and must be sealed.

A double-doored autoclave is provided for decontaminating materials that leave the facility. The
autoclave door that opens to the area external to the facility is controlled automatically so that jt
can be opened after the autoclave “sterilization” cycle is completed.

A pass-through dunk tank, fumigation chember, or an equivalent decontamination method is
provided so that materials and equipment that cannot be decontaminated in the autoclave can be
removed safely from the facility. .
Liquid effluents from laboratory sinks, cabinets, floors, and autoclave chambers are n_wnoﬂm.ﬁz-
nated by heat treatment before being discharged. Liquid wastes from shower rooms and toilets
may be decontaminated with chemical disinfectants or by heat in the liquid waste decontamina-
tion system. The procedure used for heat deconternination of liquid wastes must be evaluated
mechavically and biologically by using a recording thermometer and an indicator microorganism
with a defined heat susceptibility patiern, If liquid wastes from the shower rooms are decontamj-
nated with chemical disinfectants, the chemicals used must have documented efficacy against the
target or indicator microorganisms.

An individual supply-and-exhaust air ventilation system is provided. The system maintains pres-
sure differentials, and directional airflow is required to assure inflow from areas outside of the
facility toward areas of highest potential risk within the facility. Manometers are provided to
sense pressure differentials between adjacent areas that are maintained at different pressure lev-
els. The manometers sound an alarm when a system malfunctions. The supply and exhaust air-
flow is interlocked to assure inward (or zero) airflow at all times.

- The exbaust air from the facility is filtered by HEPA flters and discharged to the outside so that

it is dispersed away from occupied buildings and air intakes. Within the facility, the filters are
Iocated as near to the laboratories as practicable in order to reduce the length of potentially
contaminated air ducts, The filter chambers are designed to allow in situ decontarnination before
filters are removed and to facilitate certification testing after they are replaced. Coarse filters are
provided for treatment of air supplied to the facility to increase the lifetime of the HEPA filters,
The treated exhaust air from Class I or Class II biological safety cabinets can be discharged into
the animal room environment or to the outside through the facility air exhaust system. If exhaust
air from Class I or II biological safety cabinets is discharged into the animal room, the cabinets
are tested and certified at six-month intervals. The treated exhaust air from Class Il biological
safety cabinets is discharged without recirculation via the facility exhaust air system. If the treated
exhaust air from any of these cabinets is discharged to the outside through the facility exhaust air
system, it is connected to this system in a manner that avoids any interference with the air balance
of the cabinets or the facility exhaust air system.

A specially designed suit area may be provided in the facility. Personnel who anmﬂ. this area wear a
one-piece, positive-pressure suit that is ventilated by a life-stpport system. The Ea.mq.%o; system
is provided with alarms and emergency backup breathing air tanks. Entry to this area is through an
airlock fitted with airtight doors. A chermnical shower is provided to decontaminate the surface of the
suit before the worker leaves the area. The exhaust air from the area in which the suit is used is
filtered by two sets of HEPA filters installed in series. A duplicate filtration unit and exhaust fan are
provided. An automatically starting emergency power source is provided. The air pressure within
the suit area is lower than that of any adjacent area. Emergency lighting and communication sys-
tems are provided. All penetrations into the inner shell of the suit area are sealed. A double-doored

i i inati i e rermoved from the suit area
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{Appendix IV

Biosafety Criteria for Large-Scale Experiments and
Manufacturing *

I the National Institutes of Health's Guidelines for Research Involving Recombinant DNA Molecules four
levels of physical contaminant for large-scale uses of recombinant DNA cultures are established in Appen-
dix K, Section I11-B-5.¢ Large-scale is defined as research or production involving viable organisms in
cultures greater than 10 L. The four estzblished levels are Good Large-Scale Practice (GLSP}; Biosafety
Level 1-Large Scale (BSL1-LS); Biosafety Level 2-Large Scale {BSL2-LS); and Biosafety Level 3—
Large Scale (BSL3-LS). Containment conditions are set that are appropriate for the hazard presented by
the organism to workers or the environment. It is important to note that these biosafety levels considered
only the hazard presented by the organisms and not the products produced by the organisms.

Good Large-Sczle Practice (GLSP): In 1986, the Organisation for Economic Co-operation and
Development (OECD) published the concept of good industrial large-scale practice (GILSP).® NIH
adopted this concept as GLSP in Tuly of 1991. NIH recommends GLSP “for large-scale research or
production involving viable, nenpathogenic, and nontoxicogenic recombinant strains derived from host
organisms that have an extended history of safe large-scale use”"” GLSP is also “recommended for
organisms such as those included in Appendix C [of the NIH Guidelines] that have built-in environmen-
tal mitations that permit optimum growth in the large-scale setting but limited survival without adverse
consequences in the environment.” For an organism to be considered GLSP, it must meet the following
OECD criteria:®

1. The host organism should be nonpathogenic, should not contain adventitious agents, and should
have an extended history of safe industrial use, or have built-in environmental [imitations that
permit optimum growth in the industrial setting or limited survival without adverse consequences
in the environment.

2 The rDNA-engineered organism should be nonpathogenic, should be as safe in the industrial set-
ting as the host organism, and should be without adverse consequences in the environmernt.

3. The vectorfinsert should be well-characterized and free from known harmful sequences; should be
limited in size as much as possible to the DNA required to perform the intended function; should
not increase the stability of the construct in the environment unless that is a requirement of the
intended function; should be poorly mobilizable; and should not transfer any resistance markers [0
microorganisms not known to acquire them naturally if such acquisition could compromise the use
of a drig to control disease agents in human or veterinary medicine or agriculture.

a_ In Appendix K-TT of the guidelines, NTH also delineates operating requirements for GLSP as follows:

1. Institutional codes of practice shall be formulated and implemented to assure adequate control of
health and safety matters.

2 Written instructions and training of personnel shall be provided to assure that cultures of viable
organisms contaiging recombinant DNA molecules are handled pradently and that the workplace
is kept clean and orderly.

i ! . * Adapted from Recombinant DNA Safety Considerations (OECD, 1886); Guidelines for Research Invelving Aecombinant
DNA Molecules {NIH, June 1694); and Sakty Considerations for Siotechnology (OECD, 1992).




3. In the interest of good personal hygiene, facilities (z.g., handwashing sink, shower, numumgw..,
room) and protective clothing (e. 2., uniforms, laboratory c

priate for the risk of exposure to viable organisms cont
Also, eating, drinking, smoking,
the work area.
4. Cultures of viable organisms containing recombinant DNA molecules shall be handled in facilities: ;
intended to safeguard health during work with microorganisms that do not require containment.
5. Discharges containing viable recombinant organisms shall be handled in accordance with apph-
cable governmental environmental regulations. :
6. Addition of materials to a sysiem; sample collection; transfer of culture fluids within or between ;
systems; and processing of culture fluids shall be conducted in a manner that maintains employee
exposure to viable organisms containing recombinant DNA molecules at a level that does not
adversely affect the health and mmﬁma\omoﬁﬂow@om. ‘

7. The facility’s emergency response plan shall include provisions for handling spills,

aining recombinant DNA molecules.
applying cosmetics, and mouth pipetting shall be prohibited in

In 1992, the OECD published a new document that elaborated on the 1986 GILSP definition.® This

publication expands the GILSP definition to include other organisms that do not meet the 1986 defini-
tion but have been demotistrated to be of Tow-risk.

Biosafety Level 1-Large Scale (BSL1-LS): NIH recommends the BSL1
tainment for tDNA organisms that Teq
for GLSP.

Following are the recommendations for facility design and practice.
1. Spills and accidents that result

-LS level of physical con-
uire BSL1 containment at the laboratory scale but do not qualify

in overt exposures to organisms containing recombinant DNA

molecyles are immediately reported to the laboratory director. Medical evaluation, surveillance,
and treatment are provided as appropriate, and written records are maintained,

2. Cultures of viable organisms containing recombinant DNA molecules shall be handled in a
closed system (e.g., closed vessel ased for the propagation and growth of cultures) or other
primary containment equipment (e.g., biological safety cabinat containing a centrifuge used to
process culture fluids) that is designed to reduce the potential for escape of viable organisms.
Volumes less than 10 L may be handled outside of a closed system or other primary containment
equipment, provided that all physical containment requirements specified in Appendix G-II-A
of the NIH Guidelines are met.

3. Culture fluids (except as allowed in Appendix K-III-D) shall not be removed from a closed system

or other primary containment equipment unless the viable organisms containing recombinant DNA

molecules have been inactivated by a validated inactivation procedure. A validated inactivation

-procedure is one that has been demonstrated to be effective using the organism that will serve ag
the host for propagating the recombinant DNA molecules.

4. Sample collection from a cloged system, the addition of materials to a closed system, and the
transfer of culture fluids from one closed system to another shall be done in 2 manner that mini-
mizes the release of aerosols or centamination of exposed surfaces.

5. Exhaust gases removed from a cjosed system or other primary containment equipment shall be
treated by filters that have efficiencies equivalent to high-efficiency particulate air (HEPA) filters
or by other equivalent procecures (e.g.. incineratior)) to minimize the release of viable organisms
containing recombinant DNA molecules to the environment.

6. A closed system or other primary containment e
containing recombinant DNA ‘molecules shall no
uniess it has been sterilized by 2 validated sterilization procedure. A validated sterilization proce- -

dure is one that has been demonstrated to be effective using the organism that will serve as the host
for propagating the recombinant DNA molecules.

7. Emergency plans required by Sections IV-B-2-b-(6) and IV-B-3-c-(3) of the NIH Guidelines shall
include methods and procedures for handling large losses of cul:

quipment that has contained viahle organisms
t be openad for maintenance or other purposes

re On an emergency basis.

Biosafety Level 2-Large Scale (BSL2-LS): NIH recommends the BSLZ-LS level of physical con-

tainment for tDNA organisms that require BSL2 containment at the laboratory scale.
.
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Cultures of viable organisms containing recombinant DNA molecules shall be handled in a closed
system (e.g., closed vessels used for the propagation and growth of culiures) or other primary
containment equipment (e.g., Class III biological safety cabinet containing a centrifuge used to
process culiure fluids) that is designed to prevent the escape of viable organisms. Volumes less
than 10 L may be handled outside of a closed system, provided that all physical containment
requirements specified in Appendix G-II-C of the NTH Guidelines are met.

. Culture fluids (except as allowed in Appendix K-V-D) shall not be removed from a closed system

or other primary containment equipment unless the viable organisms containing recombinant DNA
molecules have been inactivated by a validated inactivation procedure. A validated inactivation
procedure is one that has been demonstrated to be effective using the organisms that will serve as
the host for propagating the recombinant DNA molecules. ,

Sample collection from a closed system, the addition of materdals to a closed system, and the
transter of culture fluids from one closed system to another shall be done in a manner that prevents
the release or aerosols or contamination of exposed surfaces.

. Exhaust gases removed from a closed system or other primary containment equipment shall be

treated by filters that have efficiencies equivalent to HEPA filters or by other equivalent procedures
(e.g, incineration) to prevent the release of viable organisms containing recombinant DNA ‘mol-
ecules to the environment.

A closed system or other primary containment equipment that has contained viable organisms
containing recombinant DNA molecules shall not be opened for maintenance or other purposes
unless it has been sterilized by a validated sterilization procedure. A validated sterilization proce-
dure is one that has been demonstrated to be effective using the organisms that will serve as the
host for propagating the recombinant DNA molecules.

- A closed system used for the propagation and growth of viable organisms containing recombinant

DINA molecules shall be operated so that the space above the culture Jevel will be maintained at 2
pressure as low as possible, consistent with equipment design, in order to maintain the integrity of
containment features.

- Rotating seals and other mechanical devices associated directly with a closed system used to con-

tain viable organisms containing recombinant DNA molecules shall be desi gned to prevent leak-
age or shall be fully enclosed in ventilated housings that are exhausted through filters that have
efficiencies equivalent to HEPA filters or through other equivalent treatment devices.

A closed system used for the propagation and growth of viable organisms &nﬁmanm recombinant
DNA molecules and other primary containment equipment used to contain operations involving
viable organisms containing recombinant DNA molecules shal! include monitoting or sensing
devices that monitor the integrity of containment during operatioss.

A closed systern used for the propagation and growth of viable organisms containing recombinant
DNA molecules shall be tested for integrity of the containment features using the organisms that
will serve as the host for propagating the recombinant DNA molecules. Testing shall be accom-
plished prior to the introduction of viabls organisms containing recombinant DNA molecules and
following medification or replacement of essential containment features. Procedures and methods
used in the testing shall be appropriate for the equipment design, and for recovery and demonstra-
tion of the test organism. Records of tests and results shall be maintained on file.

A closed system used for the propagation znd growth of viable organisms containing recombinant
DNA molecules shall be permanently identified. This identification shall be used in all records
reflecting testing, operation, and maintenance and in all documentation relating to the use of this
equipment for research production activities involving viable organisms containing recombinant
DNA molecules.

- The unjversal biohazard symbol shal! be posted on each closed system and primary containment

equipment when used to contain viable organisms containing recombinant DNA molecules.

- Emergency plans required by Sections IV-B-2-b-(6) and IV-B-3-c~(3) of the NTH Guidelines shall

include methods and procedures for handling large losses of culture on an emergency basis.

. Closed systems and other primary containment equipment used in handling cultures of viable

organisms containing recombinant DNA molecules shall be located within a comtrolled zrea that
meets the following requirements:

M 48

Is.

a. The controlled area shall have a separate entry area. The entry area shall be double-doored
space such as an air lock, antergom, or change room that separates the controlled area from the

balance of the facility. .
b. The surfaces of walls, ceilings, and floors in the controlled area shall be such as to permit ready

cleaning and decontamination. o
c. Penetrations into the controlled area shall be sealed to permit liquid or vapor phase space

decontamination. .
d. All utilities and service or process piping and wiring entering the controlled area shall be

ainst contamination.

e. WM:HMM“HMWW facilities equipped with foot, elbow, or mcﬂawmn»mu\ operated valves shzall be
located at each major work area and near each primary exit. o

f. A shower facility shall be provided. This facility shall be located in close proximity to the

area. )

Mﬂ.n_wﬁ.wh_m%o:aa area shall be designed to preclude release of culture fluids outside ﬁrm. con-

trolled area in the event of an accident spill or release from the closed system or other primary

inment equipment. )

h. ﬂwﬁwﬁﬁﬂ:aa&m%& shall have a ventilation system that is capable of controlling air Bce.nn.uﬁuw
The movement of air shall be from areas of lower contamination potential to areas of _...__muan
contamination potential. If the ventilation system provides uomﬁ.,a u.nwmmﬁn.w:ﬁg air, the
system shall operate in a manner that prevents the reversal of the direction oA.,. air Bo.,ﬁa.mnﬁ oM
shall be equipped with an alarm that would be actuated in the event reversal in the n.:nnnﬂon s}
air movement were to occur. The exhaust air from the controlled air shall not ,u.m recirculated to
the areas of the facility. The exhaust air from the controlled air may not be an_.:hmna to the
outdoors without being BEPA filtered, subjected to thermal oxidation, or otherwise ireated to

prevent the release of viable organisms.

a2

The following personnel and operational practices shaii be required:

a. Personnel entry into the controlled arca shall be through the entry area specified in Appendix
K-V-N-1 of the NIH Guidelines. . )

b. Persons entering the controlled area shall exchange or cover their personal clothing with work
garments such as jumpsuits, laboratory coats, pants and shirts, head covers, and shoes or shoe
covers. On exit from the controlled area, the work clothing may be mﬁo.nan in a locker mnnmﬁ&.m
from that used for personal clothing or discarded for laundering. Clothing shall be decontami-

efore laundering. .

c. MMHMM _wnﬂo the nosa.ouma area during periods when work is in progress shall be restricted to
those persons required to meet program or support needs. Before entry, all persons shall be
informed of the operating practices, emergency precedures, and the nature of the work con-
ducted.

d. Persons under 18 years of age shall not be permitted to enter the controlled area.

e. The universal biohazard symbol shall be posted on entry doors to the oonm_..ﬁmnn_ area mpa all
internal doors when any work involving the organism is in progress. This includes periods
when decontamination procedures are in progress. The sign posted on the mn.5 doors to the
controlled area shall include a statement of agents in use and personnel authorized to enter the
controlled area.

f. The controlled area shall be kept neat and clean. o

g. Eating, drinking, smoking, and storage of food are prohibited in the controlled area.

h. Animals and plants shall be excluded from the controlled area.

. An effective insect and rodent control program shall be maintained.

. Access doors to the controlled area shall be kept closed, except as necessary for access, when
work is in progress. Serve doors leading directly outdoors shall be sealed and locked when
work is in progress.

k. Persons shall wash their hands when leaving the controlled area.

1. Persons working in the controlled area shall be trained in emergency procedures.
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Example of a Generic Bloodborne Pathogens
Written Exposure Control Plan

The purpose of this Exposure Control Planisto s

INTRODUCTION

tablish minimurn requirements and procedures for the

Hhrane, or parenter
Aemployee’s duties.

hafety and health of employees who might be occupationally exposed to human blood or other poten-
ally infectious materials, The Occupational Safety and Health Administration (OSHA) has promul-
andard for bloodborne pathogens (29 CFR 1910.1030). The OSHA standard requires
forth procedures, equipment, personal protective equipment (PPE), and work prac-
lices capable of protecting employees from the health hazards presented by skif, eye, mucous memm-
al contact with blood or potentially infectious materials that might result from an

ard and the most current

cedures are based on the requirements of the OSHA stand
¢ standard is included in

The following pro
health and safety. A COPY of th

professional practices of the field of occupational

Appendix A of this plan.

STRATEGY

{ illness to employees by implementing spe-

1. This vnomﬂmi is designed to reduce the likelihood o
d similar infec-

cific procedures io be followed when there is potential exposure to humnan blood an
tious materials.
2. The primary objective i
risks involived, the proce
3. Procedures outlined in this
laboratory procedures.

duals at risk are adequately informed about the

o use to minimize exposure.
ployees who are responsible for performing

s to ensure that ail indivi
dures to follow, and the PPE
plan can be used for allem

Definitions
In this plan, all references 0 “ocenpational exposure” will mean reasopably anticipated skin, eye, mu-
cous membrane, of parenteral contact with human blood or other potentially infectious materials that
right result from an employee’s duties. NOTE: This definition does not cover “Good Samaritan” acts
that result in exposure 10 blood or other potentially infectious materials from assisting a fellow em-
ployee, although OSHA encourages employers t© offer follow-up procedures in such cases.
“Regulated Waste” means liquid or semi-liguid biood or other potentially infectious materials; con-
taminated items that would release blood or other potentially infectious materials in a liquid or semi-
tiquid state if compressed; items that are caked with dried blood or other potentially infectious material

2nd are capable of releasing these materials during handling; contaminated sharps; msaumﬁoﬂommnm_g.
microbiological wastes containing Blood ot other potentially infectious materials.
ER 1910.1030 (see Appendix A).

For more definitions, consult Paragraph (b of29C
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RESPONSIBILITIES

gﬂu_ﬂm | ent’'s res; C:mn_uupnn% to develop and t an exposure contro] p
g i

. ement: It is managem op Haﬂ—ﬂaﬂﬂ X pian.,
This HOmUODm:u_:nw_ includes ﬁnO.ﬁﬂ—SW _uﬂﬂmonﬂ_ﬂ_ with safe SO—_QDW ﬂngﬂﬂﬁmﬂmw handwashi ng facili
ties, per sonal ﬁHOHnn_cm mﬂcmﬂaﬂﬁﬁw and BQW&EN—W training on the hazards of human blood and other

g
po N:T hous rnate _mu an e safe work ﬁ-WﬂﬂOﬂm to follow when poten| ¥ P
tenti infectio Tial d th tentially exposed.

?mmﬁwmﬂ:pwm—n must review and evaluate the effectiveness of the site Hazard Con 3]
trol Plan at least

m._.u@ﬁu visors: The su i |.
H PECVISOrs of health and emergen PEry: s} WO
. .. Q! 2 CYy care ion.mhﬂﬂm. and supervisors of other rk-
ers OOOE@NQODNE{ WNHUOMOQ. are ﬁﬂm@Omeﬁu le for the overal] NU@:ONROHA of the UHN.D wﬁﬁmamca must .
ensure that workers know and follow the safe work m::nnﬁdnﬂm outlined in the mi.m_. 1, that _u_c_nnou ve ]
. . - ] i n.
equipment 1s N<m_p—m—c_ﬂu and that Nﬁ@ﬂcﬁlmnﬂ mHth_mHW has been ﬁvﬁOe_QOQ : | _ .u
STt apoegs \
ploy @Dﬂmn—u;:t of the OﬁﬂE@Nﬁ.QDWﬁt P :
+ Em —c. mmm. It is the res ! ! ﬂMUOmWQ. OH.:.@_O ee to plan and conduct each
oper ation in accordance with the ﬁ_.onﬁ&ﬂﬂmm in this Uum._u and to QQW_DNNOOQ ﬁmﬁmoﬁa work habi ...‘:.
abits.

o - . 5
The mn_;mv—o yee should become familiar with ﬁﬁonﬂﬂc fi iti cXp umas and =
! : . Ies 1or :a—ﬂﬂm xposure {0 h blood and 3
S > ESpecia. g the use of Universal Precautions — as recommended 3

other infection Iaterials < _: through nded or

defined U< the Centers for Dis Vi r OSHA -— and/or WOQ<
L
(8} ease Control and Prevention AOUOV and/o H
Isolation pr N h prop: mu ﬁ @U
Substance Iso atio] ocedures, in addition to the proper use of personal protective QP::_.WEH.

AUTHORIZED PERSONNEL m_

N; : ‘.
Name Manager, Safety Department: :
Signature: Ph
one: :

prog. '\. also shall Iud, .\.gu
/]
of the pro; gn.wha M e at least an annual review af the site asure Control Plan and

Supervisors

are thuﬁﬁ.qs&m for ensur thg Loy ,
Fe & that emplovees are familiar with and NXNH.QEQS\.S.W Hh\.Nnt Pr ocedures out-

HAZARD RECOGNITION

plOYEees lis 1 o) -Sp g
It has been determined that the em) loyee: ted i >@U®=Q—X B of this plan site-specific) might be
QN@OMQ& to hazards of bloodborne ﬁNE.-CWQ:.m while per for ming certan obs or ﬁmhﬁ_nm in this HNOWE,H(. These

employees are covered under th isi
HIREA e provisions of
faciiity’s Exposure Control Plan, P the OSHA blocdborne pathogens standard and this

EXPOSURE CONTROL PROCEDURES

Iz ail circumstances, Uni i
, Universal Precautions (see abo i
oS . g L ve) will be observed to prevent co. i
and oehe D mu:.m:« Euﬂnom.ocm materials, unless they interfere with the pro M.nw_. prriialing
reate a significant risk to the safety of the workers ? ey ofhealth careor

Engineering Controls

The OSHA bloodborne
) pathogens standard requires th i i
o t q e use of engineering controls as a pri
exgineorn Nm or noun”ozam exposure to blood or other potentially infectious anmnmm_nﬂ.wﬂmq Em&oa
g controls will be used and enforced by all departmental supervisors: e folowing

posa. ofused bmnﬂuﬂm. and other m—._wHﬁ wastes stich as contaminated broken glass, into N—uﬁ_-ol‘mnﬂ
& ]

sharps containers,

4 provided to employees who are allergic to

{ properly, or placed inio designated storag

2. Disposal of otber regulated waste into approved infectious waste containers. (See Section E below

[Waste Disposal] for procedures).

is responsible for examining and maintaining

(FILL IN NAME)
11 be maintained for frequency of inspection and

| engineering controls on a regular basis. Records wi

r hands immediately or as s00n as possibie after removal of gloves or
other PPE, and after hand contact with blood or other potentially infectious materials.

All PPE must be removed immediately on leaving the work area of as S00n as possible if overtly
contaminated, and placed in an appropriately designated area of container for storage, washing,
decontamination, or disposal.
Eating, drinking, smoking, apolying cosmetics or lip balm, and handling contact lenses are pro-
hibited in work areas where there is a potential for occupational exposure.

Food and drink shall not be stored in refrigerators, freezers, Or cabinets where blood or other
potentially infectious materials are stored or in areas of possible contamination.

All procedures involving blood or other potentially infectious materials will be dong in a manner
Emnamaaﬁowmu_mmanm,

spraying, and aerosolization of these substances.
If conditions are such that handwashing facilities are not aval

ilable, antiseptic hand cleaners are to
be used. Because this is an interim measure, employees are t0 wash hands at the first available
opportunity.

1 Employees shall wash thei

2.

3.
4.

5.

Personal Protective Equipment
When there is potential for occupational exposure, employees will be provided and required to use
PPE including — but not limited to — gloves, aprons, gowns, 1ab coats, head and foot coverings, and
(i.e., goggles, glasses with side shields, face shields). This equipment will be provided at
hypoallergenic powderless or other alternative gloving will be
types normally provided.

eye protectors
no cost to employees. When necessary,

Supplies may be obtained at the following locations:

may not be decontaminated or washed for re-use.
including laboratory coats) must be removed and disposed of
e or laundry areas. Employees are not permitted to carry any

Single use (disposable) gloves
Refore leaving the work area, PPE

type of PPE home for cleaning or other use.

PPE will be considered “appropriate” only if it does not pe
| materials to pass through or contact the employee’s clothing,
Listed below are types of PPE available for employee use,

it blood or other potentiatly infectious
skin, mouth, or mUCOUS membranes.

| used:

and circumstances under which it must be

Ttem Procedure
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Decontamination of PPE will be performed as follows:

Cleaner/Disinfectant Frequency

Equipment

Housekeeping .

1. Work surfaces shall be decontaminated with an appropriate disinfectant after completion of a
procedure; when surfaces are overtly contaminated; immediately after any spiil of biood or other
potentially infectious materials; and at the end of the workshift.

2. Protective coverings such as plastic wrap, aluminum foil, or imperviously backed absorbent paper
may be used to cover equipment and environmental surfaces. These coverings shall be removed
and replaced 25 necessary (i.e., on contaminatior, at the end of the workday),

3. Equipment that might become contaminated with blood or other potentially infectious materials will

be checked routinely arnd prior to servicing or shipping, and shail be decontaminated as necessary.

All bins, pails, cans, and similar receptacies intended for re-use that could become contaminated

with blood or other potentially infectious materials shall be inspected, cleaned, and disinfected

immediately or as soon as possible upon visible contamination. A regular cleaning schedule will
be established and addressed elsewhere in this plan.

5. Broken glassware that might be contaminated shall not be picked up directly with the hands. It
shall be cleaned using mechanical means such as a brush and dust pan, tongs, or forceps.

6. Reusable items contaminated with blood or other potentially infectious materials shall be decon-
taminated prior to washing and/or reprocessing.

7. Itis the responsibility of (FILL IN NAME) to ensure that the work site is
maintained in a clean and sanitary condition. Facilities will be cleaned and disinfected with an
appropriate agent as required.

Waste Disposal

All infectious waste destined for disposal shall be placed in closeable, leakproof containers or bags that
are color-coded or labeled as herein described. It shall be the responsibility of (FILL, IN
NAME to ensure that waste is disposed of properly and that the following rules are observed.

1. If'outside contamination of the container or bag is likely to occur, a second leakproof container or
bag that is closeable and labeled or color-coded (as per OSHA specifications) will be placed over
the outside of the first and closed to prevent Jeakage during handling, storage, and transport.

2. Reusable containers may not be opened, emptied, or cleaned manually or in any other manner that
would pose the risk of percutaneous injury.

3. Disposal of contaminated PPE will be provided at no cost to employees.

ES

Laundry

1. Laundry that has been contaminated with blood or other potentially infectious materials, or might
contain contaminated sharps, will be handled as little as possible and with a minimum of agitation,

2. Contaminated [aundry must be bagged at the location where it was used and shall not be sorted or
rinsed in patient care areas,

3. Contaminzted laundry shall be placed and transported in bags that are Jabeled or color-coded as
herein described. Whenever this laundry is wet and presents the possibility for soaking or leaking
through the bag, it will be placed and transported in leakproof bags. ,

IR

4. Employees responsible for handling potentially nonﬁmunmmﬁoa laundry are nwmcmoaanm nwzmﬂ_. MunMHMom
s and other appropriate PPE to prevent occupational exposure during handling :
is to be provided by the employer at no cost to oaw_ﬁomw. N
d off site to a second facility that does not use Universal wnmnmzmoum in i
or containers with appropriate Jabeling and/or color-coding will be
associated with this material. . )

the proper handling, storage, shipping, or cleaning of con-

tive giove
5. Laundering of PPE
6. If laundry is shippe
handling of ail laundry, bags
used to communicate the hazards
7. The person(s) responsible for ensuring
taminated laundry is(are):

Communication of Hazards to Workers
1. Signs
« Signs will be posted at the entrance to the following areas!

Work Area Procedure

+ Signs will bear the legend described in the OSHA blcodborne pathogens standard (29 CFR

1910.1030).

2. Labels
reftigerators and freezers

to containers of infectious waste;
P ners used to store

» Warning labels shal s . 2
nonﬁm:mim blood and other potentially infectious Emﬁa._mf and other contai !
or transport blood or other potentially infectious materials except as provided below.

ed in the OSHA bloodborne pathogens standard (29 CFR

«~Labels will bear the legend describ : . !
H»o Hwoﬂomcv. They will be fluorescent orange or orange-red or predominantly so, with lettering

bols in a contrasting color. ) .
. %m Mwﬂmw will be an integral part of the container or will be affixed as close as safely possible to

the container by string, wire, adhesive, or any other method that prevents their loss of uninten-

tional removal. .
« Red bags or red containers may be 8!
= The person(s) responsible for ensuring t
beled is(are):

ubstituted for labels on containers of infectious waste.
hat containers of biohazardous waste are properly la-

1, Information and Training

« All workers with occupational exposure will umanm@mmn €
initial assignments and at least annually thereafter. This train:

es and scheduled during working hours. » o . .
. Mrn person(s) responsible for providing this training and coordinating the program is(are):

in exposure control training prior to their
ing will be free of charge to employ-




i ici j i itten opinion to this employer concerning the mozoﬁ..mum“
4. The anending physician will provide Wit 0 % lity to receive the Hepatitis B

« Atthe end of each training session, employees will acknowledge their participation in the program . the physiciar's recomnended fmitations on the employee’s abi

by signing a form provided by the company, an example of which is found in Appendix C of this

vaccination; . N
plen : « a statement that the employee has been informed of the results of q..rn medical m<&=uncw_mnm
% Employees will receive training in the following areas. A copy of the OSHA standard will be provided that the employee has been told about any medical conditions nommfbm from mxwoé.na to bloo
and its contents explained. Employees will be given: or other potentiaily infectious materials that require further evalnation or treatment; and

« specific findings or diagnoses that are refated to the employee’s mE.mQ to receive the HBY
vaccination. Any other findings and diagnoses shall remain confidential.

5. For each evaluation under this section, the company will obtain and provide _&n omsnwwowm _HMMM nw
copy of the attending physician’s w f the completion of the € .

» a general explanation of the epidemiology and symptoms of bloodborne discases;

* an explanation of modes of transmission of bloodbome pathogens;

an explanation of the site Exposure Control Plan and where to obtain a copy of it;

an explanation of the appropriate methods for recognizing tasks and procedures that might
involve exposure to blood or other potentially infectious materials;

an explanation of the use and limitations of practices that will prevent or reduce eXposure,
including appropriate engireering controls, work practices, and PPE;

information on PPE that addresses types available, proper use, locatior, removal, handling,
decontamination, and/or disposal;

: an explanation of the basis for selection of PPE;

information on the Hepatitis B vaccine, including information on its efficacy, safety, and the
benefits of being vaccinated;

information on the appropriate actions to take and persons to contact in event of an emergency;
v procedures to follow if an exposure incident occurs, including the method for reporting the
incident;

i information on the medical follow-up that will be made available, and on medical counseling
provided to exposed individuals;

an explanation of signs, labels, andfor color coding; and

a question-and-answer session with the trainer.

rittens opinion within 15 days o

Record Xeeping )
1. Medical records will be kept for the length of the worker’s emnployment plus 30 years. Records wi
be maintained at the following location(s):

ast three (3) years. These records will be maintained at the

2. Training records shall be kept for at le
following locations:

.

Medical Surveillance
i

Any employes who might be exposed to potentially infectious materials within this company will

be offered, at no cost, a vaccination for Hepatitis B, unless the employee has had a previous vacci-

: nation or antibody testing reveals the employee to be immune. If 2n employee declines the vacci-
nation, he or she must sign a waiver form. An example of this form is found in Appendix C of this
plan.

2. Should an employee be exposed to a potentiaily infectious material (via needle stick, splash, etc.)

¢ post-exposure evaluations will be provided. A confidential medical evaluation and follow-up should

. include:

+ documentation of the route(s) of exposure, HBY and HIV antibody status of the source patient(s)
(if known), and the circumstances under which the exposure occarred;

= if the source patient can be determined and permission is obtained, collection and testing of the
source patfent’s blood to determine the presence of HIV or HBV infection;

« collection of blood from the exposed employee as soon as possible after the exposure incident
for determination of HIV/HBYV status. Actual antibody or antigen testing of the blood or serum
sample may be done at that time or at a later date, if the employee so requests. Samples will be
preserved for at least 90 days; and

+ follow-up of the exposed employee, including antibody or antigen testing, counseling, illness
reporting, and safe and effective post-exposure prophylaxis, according to standard recommen-
dations for medical practices.

3. The attending physician will be provided the following information:
» a copy of the OSHA bloodborne pathogens standard and its appendices;
* a description of the affected employee’s duties as they relate to the employee’s occupational i
EXPOSILre;
« results of the source individual's blood testing, if availabie; and
« all medical records, including vaccination records, relevant to the treatment of the employee.
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Appendix A

OSHA Standard for Bloodborne Pathogens
(29 CFR 1910.1030)

§1910.1030 Bloodborne pathogens

(a) Scope and Application. This section applies to
all occupational exposure to blood or ather poten-
tially infectious materials as defined by paragraph
(b) of this section.

(b) Definitions. For purposes of this section, the
following shall apply:

“Assistant Secretary” means the Assistant Secre-
tary of Labor for Occupational Safety and Health,
or designated representative.

“Blood” means human blood, human blood com-
ponents, and products made from human blood.
“Bloodbome Pathogens” means pathogenic micro-
organisms that are present in human blood and can
cause disease in humans. These pathogens include,
but are not limited to, hepatitis B virus (HBV) and
human immunodeficiency virus (HIV).

“(Jinical Laboratory” means a workplace where di-
agnostic or other scresning procedures are per-
formed on blood or other potentially infectious
materials:

“Contaminated” means the presence or the reason-
ably anticipated presence of blood or other poten-
tially infectious materials on an item ot surface.
“Contaminzated Laundry” means laundry which has
been soiled with blood or other potentially infec-
tious materials or may contain sharps.
“Contaminated Sharps” means any contaminated
object that can penetrate the skin including, but not
limited to, needles, scalpels, broken glass, broken
capillary tubes, and exposed ends of dental wires.
“Decontamination” means the use of physical or
chemical means to remove, inactivate, or destroy
Bloodborne pathogens on a surface or item to the
point where they are no longer capable of trans-
mitting infectious particles and the surface or itemn
is rendered safe for handling, use, or disposal.
“Director” means the Director of the National In-
stitute for Occupational Safety and Health, U.S. De-
partment of Health and Human Services, o desig-
nated representative.

“Engineering Controls” means controls (¢.g., sharps
disposal containers, self-sheathing needles) that
isolate or remove the bloodborne pathogens haz-
ard from the workplace.

“Exposure Incident” means a specific eye, mouth,

other mucous membrane, non-intact skin, or
parenteral contact with blood or other potentially
infectious materials that resnlts from the perfor-
mance of an employee’s duties.

“Handwashing Facilities” means a facility provid-
ing an adequate supply of runnieg potable water,
soap and single use towels or hot air drying ma-
chines.

“Ljcensed Healthcare Professional” is a person
whose legally permitted scope of practice allows
him or her to independently perform the activities
required by paragraph (f) Hepatitis B Vaccination
and Post-exposure Evaluation and Follow-up.
“HBV" means hepatitis B virus.

“HIV” means human immunodeficiency virus.
“Occupational Exposure” means reasonably antici-
pated skin, eys, mucous membrane, of parenteral
contact with blood or other potentially infectious
materials that may result from the performance of
an employee’s duties.

“Other Potentially Infectious Materials” means (1)
The following hurrian body fluids: semen, vaginal
secretions, cerebrospinal fluid, synovial fluid, pleu-
ral fhuid, pericardial fluid, peritoneal fluid, amni-
otic fluid, saliva in dental procedures, any body fluid
that is visibly contaminated with blood, and all body
fluids in situations where it is difficult or impos-
sible to differentiate between body fluids; (2) Any
unfixed tissue or organ (other than intact skin) from
a human (living or dead); and (3) HIV-containing
cell or tissue cultures, organ cultures, and HIV- o
HBV-containing culture medium or other solutions;
and blood, organs, or other tissues from experimen-
tal animals infected with HIV or HBV.
“Parenteral” means piercing mucous membranes or
the skin barrier through such events as neediesticks,
human bites, cuts, and abrasions.

“Personal Protective Equipment” is specialized
clothing or equipment worn by an employee for
protection against a hazard. General work clothes
(e.g., uniforms, pants, shirts or blouses) not in-
tended to function as protection against a hazard
are not considered to be personal protective equip-
ment.

“Production Facility” means a facility engaged in
industrial-scale, large-volume or high concentra-




tion production of HIV or HBV.
“Regulated Waste” means liquid or semi-liquid
blood or other potentially infectious materials; con-
tarninated items that would release blood or other
potentially infectivus materials in a liquid or semi-
liquid state if compressed; items that are caked with
dried biood or other potentially infectious materi-
als and are capable of releasing these materials
during handling; eontaminated sharps; and patho-
logical and microbiological wastes containing blood
or other potentiafly infectious materials. .
“Research Laboratory” means a laboratory produc-
ing or using research laboratory-scale amounts of
HIV or HBV. Research laboratories may produce
high concentrations of HIV or HBV but not in the
volume fourd in production facilities.
“Source Individual” means any individual, living
or dead, whose bloed or other potentially infec-
tious materials may be a source of occupational
exposure to the employee. Examples include, but
are not limited o, hospital and clinic patients; cli-
ents in institutions for the developmentally disabled;
trauma victims; clients of drug and alcohol treat-
ment facilities; residents of hospices and nursing
homes; human remains; and individuals who do-
nate or sell blood or blood components.
“Sterilize” means the use of a physical or chemical
procedure to destroy all microbial life including
highly resistant bacterial endospores.
“Universal Precautions” is an approach to infec-
tion control. According to the concept of Universal
Precautions, all human blood and certain human
hody fluids are treated as if known to be infectious
for HIV, HBV, and other bloodbome pathogens.
“Work Practice Controls” means controls that re-
duce the likelihood of exposurs by altering the
manner in which a task is performed (e.g., prohib-
iting recapping of needles by a two-handed tech-
nique).
{c) Exposure Control
€1) “Exposure Control Plan.” (i) Each emplayer
having an employee(s) with occupationat exposare
as defined by paragraph (b) of this section shail
establish a written Exposure Control Plan designed
to eliminate or minimize employee exposure.
(ii) The Exposure Control Plan shall contain at least
the following elements:
{A) Fhe exposure determination required by para-
graph (€)(2),
(B) The schedule and method of implementation
for paragraphs (d) Methods of Compliance,
(&) HIV and HBV Research Laboratories and Pro-
duction Facilities, (f) Hepatitis B Vaccination and
«Post-Exposure Evaluation and Follow-up, (g). Com-

munication of Hazards to Employees, and (h)

Recordkeeping, of this standard, and

(C) The procedure for the evaluation of circum-

stances surrounding exposure incidents as
required by paragraph (£)(3)() of this standard.
(i) Each employer shall ensure that a copy of the
Exposure Control Plan is accessible to employees
in accordance with 26 CFR 1910.20(e).
(iv) The Exposure Control Plan shall be reviewed
and updated at least annually and whenever neces-
sary to reflect new or modified tasks and proce-
dures which affect occupational exposure and to
reflect new or revised employee positions with oc-
cupational exposure.
(v) The Exposure Control Plan shall be made avail-
able to the Assistant Secretary and the Director upon
request for examination and copying.
(2} “Exposure Determination.” (i) Each employer
who has an employee(s) with occupational expo-
sure as defired by paragraph (b) of this section shall
prepare an exposure determination. This exposure
determination shall contain the following:
(A) A list of all job classifications in which all
employees in those job classifications have occu-
pational exposure;
(B) A list of job classifications in which some em-
ployees have occupational exposure, and
(C) A list of all tasks and procedures or groups of
closely related task and procedures in which occu-
patfonal exposure occurs and that are performed
by employees in job classifications listed in accor-
dance with the provisions of paragraph (c)(2}(i)}B)
of this standard.
(ii) This exposure determinztion shall be made with-
out regard to the use of personal protective equip-
ment.
{d) Methods of Compliance.
(1) “General.” Universal precautions shall be ob-
served to prevent contact with bload or other po-
tentialty infectious materials. Under circumstances
in which differentiation between body fluid types
is difficult or impossible, all body fluids shall be
considered potentially infections materials.
(2) “Engineering and Work Practice Controls.”
(i) Engineering and work practice controls shall be
used to eliminate or minimize employee exposure.
Where occupationzl exposure remains after insti-
tution of these controls, personal protective equip-
ment shall also be used.
(ii} Engineering cantrols shall be examined and
maintained or replaced on a regular schedule to
ensure their effectiveness.
(iif) Employers shall provide handwashing facili-
ties which are readily accessible to employees.

(iv) When provision of handwashing facilities is
a0t feasible, the employer shall provide either an
appropriate antiseptic hand cleanser in noE._.Snn.jn
with clean cloth/paper towels or antiseptic
towelettes. When antiseptic hand cleansets or
towelettes are used, hands shall be washed with sozp
and mnning water as s0on as feasible.
(v) Employers shall ensure that employees wash
their hands immediately or as soon as feasible after
remaval of gloves or other personal protective
equipment. ) .
{vi) Employers shall ensure that employees wash
hands and any other skin with soap and water, of
flush mucous membranes with water immediately
or as soon as feasible following contact of such
body areas with blood or other potentially infec-
tious materials. )
(vii) Contaminated needies and other contaminated
sharps shall not be bent, recapped, or removed ex-
cept as noted in paragraphs (@2)(vIA) and
{(d)(2)(vii)(B} below. Shearing or breaking of con-
taminated needles is prohibited.
(A) Contaminated needles and other contaminated
sharps shall not be bent, recapped or removed un-
less the employer can demonstrate that no alterna-
tive is feasible or that such action is required by a
specific medical or dental procedure.
(B) Such bending, recapping or necdle removal
rmust be accomplished through the use of a mechani-
cal device or one-handed technigue.
(viii) Immediately or as so0n as possible after use,
contaminated reusable sharps shall be placed in
appropriate containers until properly reprocessed.
These containers shall be:
{A) puncture resistant; .
(B) labeled or color-ceded in accordance with this
standard;
(C) leakproof on the sides and botiom; and
(D) in accordance with the requirements set forth
in paragraph (d) (4)(iNE) for reusable sharps.
(ix) Eating, drinking, smoking, applying cosmet-
ics or lip balm, and handling contact lenses are pro-
hibited in work areas where there is a reasonable
likelihood of occupational exposure.
(x) Food and drink shall not be kept in refrigera-
tors, freezers, shelves, cabinets or on countertops
or benchtops where blood or other potentially in-
fectious materals are present.
(xi) All procedures involving blood ot o&oﬂ.ﬁcﬁn?
tially infectious materials shall be performed in such
a manner as to minimize splashing, spraying, spat-
tering, and generation of droplets of these sub-
stances.

potentially infectious materials is v_.oEEnmua. -
(xiii) Specimens of blood or other ﬂonwnum:w. in-
fections materials shall be placed in 2 container
which prevents leakage during collection, handling,
processing, storage, transport, or shipping. )
(A) The container for storage, transport, of ship-
ping shal be labeled or color-coded accerding to
paragraph (g)(1)({i) and closed prior to being mﬂonm@_
transported; of shipped. When a facility utilizes Uni-
versal Precautions in the handling of ail specimens,
the labeling/color-coding of specimeris is not nec-
essary provided containers are recognizable as con-
taining specimens. This exemption only applies
while such specimens/containers remain within the
facility. Labeling or color-coding in accordance
with paragraph (£)(1X1) is required when such
specimens/containers leave the facility.
(B) If outside contamination of the primary con-
tainer occurs, the primary containet shall be placed
within a second container which prevents leakage
dusing handling, processing, storage, ﬁmbmvon.. ar
shipping and is labeled or color-coded according
to the requirements of this standard.
(C) If the specimen could puncture the primary
container, the primary container shall be placed
within a secondary container which is puncture-
resistant in addition to the above characteristics.
(xiv) Equipment which may become contaminated
with blood or other pofentially infectious materials
shall be examined prior to servicing or shipping
and shall be decontaminated as necessary, unless
the employer can demonstrate that mnoo:ﬁmaw.._m.
tion of such equipment or portions of such equip-
ment is not feasible. )
{A) A readily observable label in accordance with
paragraph (2)(V)()H) shall be attached to ﬂﬁm
equipment stating which portions remain contarai-
nated.
(B) The employer shall ensure that this informa-
tion is conveyed to all affected employees, the set-
vicing representative, and/or the manufacturer, as
appropriate, prior to handling, ma_.&nw.ﬂm» or ship-
ping so that appropriate precautions will be taken.
(3) “Personal Protective Equipment.”
() “Provision.” When there is occupational expo-
sure, the employer shall wqoian. at no cost to the
employee, appropriate personal protective equip-
ment such as, but not Hmited to, gloves, gOwnNs,
laboratory coats, face shields or masks and eye pro-
tection, and mouthpieces, resuscitation bags, pocket
masks, or other ventilation devices. Personal pro-
tective equipment will be considered :mgaomnm.mﬁ:
only if it does not permit blood or other potentially

(xii) Mouth Enm&:m\manmo:.ﬁm of blood or other  infectious raaterials to pass through to or reach the
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nanwewm%m work clothes, street clothes, undergar-
ments, skin, eyes, mouth, or other mucous mem-
branes under normal conditions of use and for the
duration of time which the protective equipment
will be used. ’

(it) “Use.” The employer shall ensure that the em-
ployee uses appropriate personal protective equip-
ment unless the employer shows that the employee
temporarily and briefly declined to use personal
protective equipment when, under rare and extraor-
dinary circumstances, it was the employee’s pro-
fessional judgment that in the specific instance its
use would have prevented the delivery of health
care or public safety services or would have posed
an increased hazard to the safety of the worker or
co-worker. When the employee makes this judge-
ment, the circumstances shall be investigated and
documented in order to determine whether changes
can be instituted to prevent such occurrences in the
future.

(iii) “Accessibility.” The employer shall ensure that
appropriate personal protective equipment in the
appropriate sizes is readily accessible at the worksite
or is issued to employees. Hypoallergenic gloves,
glove liners, powderless gloves, or other similar
alternatives shall be readily accessible to those em-
ployees who are allergic to the gloves normally
provided. ,

(iv) “Cleaning, Laundering, and Disposal.” The em-
ployer shall clean, launder, and dispose of personal
protective equipment required by paragraphs (d}
and {e) of this standard, at no cost to the employee.
(v) “Repair and Replacement.” The employer shafl
repair or replace personal protective equipment as
needed to maintain its effectiveness, at no cost to
the employee.

(vi) If a garment(s} is penetrated by blood or other
potentiaily infectious materials, the garment(s) shall
be removed immediately or as soon as feasible.
(vii} All personal protective equipment shall be re-
moved prior to leaving the work area,

{viii} When personal protective equipment is re-
moved it shall be placed in an appropriately desig-
nated area or container for storage, washing, de-
contamination or disposal.

(ix) “Gloves.” Gloves shall be worn when it can be
reascnably anticipated that the employee may have
hand contact with blood, other potentially infec-
tious materials, mucous membranes, and non-in-
tact skin; when performing vascutar access proce-
dures except as specified in paragraph (d)(3)(Ix}D);
and when handling or touching contaminated items
or surfaces.

{A) Disposable (single use) gloves such as surgical

or examination gloves, shall be replaced as soon as
practical when contaminated or as so0n as feasible
if they are torn, punctured, or when their ability to
function as a barrier is compromised.
(B) Disposable (single use) gloves shall not be
washed or decontaminated for re-use.
(C) Utility gloves may be decontaminated for re-
use if the integrity of the glove is not compromised.
However, they must be discarded if they are cracked,
peeling, torn, punctured, or exhibit otber signs of
deterioration or when their ability to function as a
barrier is compromised.
(D) If an employer in 2 volunteer blood donation
center judges that routine gloving for all phleboto-
mies is not necessary then the employer shall:
{1) Periodically reevaluate this policy;
(2) Make gloves available to all empioyees who
wish to uss them for phlebotomy;
(3) Not discourage the use of gloves for phle-
botomy; and
(4) Require that gloves be used for phlebotomy in
the following circumstances:
(i) When the employee has cuts, scratches, or other
-breaks in his or her skin;
(ii) When the employee judges that hand contami-
nation with blood may occur, for example, when
performing phlebotomy on an uncooperative source
individuoal; and
(iiiy When the employee is receiving training in
phlebotomy.
{x) “Masks, Eye Protection, and Face Shields.”
Masks in combination with eye protection devices,
such as goggles or glasses with solid side shields,
or chin-length face shields, shali be worn when-
ever splashes, spray, spatter, or droplets of blood
orother potentially infectious materials may be gen-
erated and eye, nose, or mouth contamination can
be reasonably anticipated.
(xi) “Gowns, Aprons, and Other Protective Body
Clothing.” Appropriate protective clothing such as,
but not limited to, gowns, aprons, lab coats, clinic
Jjackets, or sirnilar outer garments shall be wom in
occupational exposure situations. The type and
characteristics will depend upon the task nd degree
of exposure anticipated.
(xii} Surgical caps or hoods and/or shoe covers or
boots shall be worn in instances when gross con-
tamination can reasonably be anticipated (e.g., an-
topsies, orthopaedic surgery).
(4) “Housekeeping.”
(i) “General” Employers shall ensure that the
worksite is maintained in a clean and sanitary con-
dition. The employer shall determine and imple-
ment an appropriate written schedule for cleaning

and method of decontamination based upon the

location within the facility, type of surface o be

cleaned, type of soil present, and tasks or proce-

dures being performed in the area.

(ii) All equipment and environmental and working

surfaces shall be cleaned and decontaminated after

contact with blood or other potentially infectious

materials.

(A) Contaminated work surfaces shall be decon-

taminated with an appropriate disinfectant after

completion of procedures; immediately or as soon

as feasible when surfaces are overtly contaminated

or after any spil! of blood or other potentially in-

fectious materials; and at the end of the work shift

if the surface may have become contaminated since

the last cleaning.

(B) Protective coverings, such as plastic wrap, alu-

minum foil, or imperviously-backed absorbent pa-

per used to cover equipment and environmental

surfaces, shall be removed and replaced as soon as

feasible when they become overtly contaminated

or at the end of the workshift if they may have be-

come contaminated during the shift.

(C) All bins, pails, cans, and similar receptacles

intended for rense which have a reasonable likeli-

hood for becoming contaminated with blood or

other potentially infectious materials shall be in-

spected and decontaminated on a regularly sched-

uled basis and cleaned and decontaminated imme-

diately or as soon as feastble upon visible contami-

natien,

(D} Broken glassware which may be contaminated

shall not be picked vp directly with the hands. It
shall be cleaned up using mechanical means, such
as a brush and dust pan, tongs, or forceps.

(E) Reusable sharps that are contaminated with
blood or other potentially infectious materials shall
not be stored or processed in a manner that requires
employees to reach by hand into the containers
where these sharps have been placed.

(iti} Regulated Waste.

{A) Contaminated Sharps Discarding and Contain-
ment.

(1) Contaminated sharps shall be discarded imme-
diately or as soon as feasible in containers that are:
{A) Closable;

{B) Puncture resistant;

(C) Leakproof on sides and bottom; and

(D) Labeled or color-coded in accordance with para-
graph (g)(1)() of this standard.

(2) During use, containers for contaminated sharps
shall be:

(A)Easily accessible to personnel and located as
close as is feasible to the immediate area where

sharps are used or can be reasonzably anticipated to
be found (e.g., laundries);

(B) Maintained upright throughout use; and

(C) Replaced routinely. and not be allowed to over-
fill.

{3) When moving containers of contaminated sharps
from the area of use, the containers shall be:

- (A) Closed immediately prior to removal or replace-

ment to prevent spillage or protrusion of contents
during handling, storage, transport, or shipping;
(B) Placed in a secondary container if leakage is
possible. The second container shall be:
(i) Closable;
(ii) Constracted to contain all contents and prevent
leakage during handling, storage, transport, or ship-
ping; and
(iti) Labeled or color-coded according to paragraph
(2)(1)(i) of this standard.
(4) Reuszble containers shall not be opened, emp-
tied, or cleaned manually or in any other manner
which would expose employees to the risk of per-
cutaneous injury.
(B) Other Regulated Waste Containment.
(1) Regulated waste shall be placed in containers
which are:
(A) Closable; =
(B) Constructed to contain all contents and prevent
leakage of fluids during handling, storage, trans-
port, or shipping;
(C) labeled or color-coded in accordance with para-
graph (g)(1)(i) of this standard; and
{D) Closed prior to removal to prevent spiilage or
protrusion of contents during handling, storage,
transport, or shipping.
(2) If outside contamination of the regulated waste
container occurs, it shall be placed in a second con-
tainer. The second container shall be:
(A) Closable;
(B) Constructed to contain all contents and prevent
Jeakage of fluids during handling, storage, trans-
port or shipping;
(C) Labeled or color-coded in accordance with para-
graph (g)(1)(i} of this standard; and
(D) Closed prior to removal 1o prevent spillage or
protrusion of contents during handling, storage,
transport, or shipping.
(E) Disposal of all regulated waste shall be in ac-
cordance with applicable regulations of the United
States, States and Territories, and pelitical sub-
divisions of States and Territories.
(iv) “Laundry.”
(A) Contaminated laundry shall be handled as little
as possible with a minimum of agitation.
(1) Contaminated laundry shall be bagged or con-




tainerized at the location where it was used and shall
niot be sorted or rinsed in the location of use,

{2) Contaminated Jaundry shall be placed and trans-
ported in bags or containers labeled or color-coded
in accordance with paragraph (g)(1)(i) of this stan-
dard. When a facility utilizes Universal Precautions
in the handling of all soiled laundry, alternative la-
beling or color-coding is sufficient if it permits all
employees to recognize the containers as requiring
compliance with Universal Precautions.

(3) Whenever contaminated laundry is wet and pre-
sents a reasonable likelihood of soak-through of or
leakage from the bag or container, the laundry shall
be placed and transported in bags or containers
which prevent soak-through and/or leakage of flu-
ids to the exterior.

(B) The employer shall ensure that employees who
have contact with contaminated laundry wear pro-
tective gloves and other appropriate personal pro-
tective equipment.

(C) When 2 facility ships contaminated laundry off-
site to a second facility which does not utilize Uni-
versal Precautions in the handling of all laundry,
the facility generating the contaminated laundry
rmust place such laundry in bags or containers which
are labeled or color-coded in accordance with para-
graph (£)(1)(0).

(e} HIV and HBV Research Laboratories and Pro-
duction Facilities.

(1) This paragraph applies to research Jaboratories
and production facilities engaged in the culture,
production, concentration, experimentation, and
meznipulation of HIV and HBV. It does not apply
to clinical or diagnostic iaboratories engaged solely
in the analysis of blood, tissues, or organs. These
requirements apply in addition to the other require-
ments of the standard.

(2) Research labgratories and producticn facilities
shall meet the following criteria:

(i) “Standard Microbiological Practices.” All regu-
lated waste shall either be incinerated or decontami-
nated by a method such as autoclaving known to
effectively destroy bloodbome pathogens.

(i1) “Special Practices.”

(A) Laboratory doors shall be kept closed when
work involving HIV or HBY is in progress.

(B) Contaminated materials that are to be decon-
taminated at a site away from the work area shall
be placed in a durable, leakproof, labeled or color-
coded container that is closed before being removed
from the work area.

(C) Access to the work area shall be limited to au-
thorized persons. Written policies and procedures
shall be established whereby only persons who have

been advised of the potential biohazard, who meet
any specific entry requirements, and who comply
with all entry and exit procedures shall be allowed
to enter the work areas and animal rooms.

(D) When other potentially infectious matertals or
infected animals are present in the work area or
containment medule, & hazard warning sign incor-
porating the universal bichazard symbol shall be
posted on all access doors. The hazard warning sign
shall comply with paragraph (g)(1)(ii) of this stan-
dard.

(E) All activities involving other potentially infec-
tious materials shall be conducted in biological
safety cabinets or other physical-containment de-
vices within the containment module. No work with
these other potentially infectious materials shall be
conducted on the open bench.

(F) Laboratory coats, gowns, Smocks, uniforms, or
other appropriate protective clothing shall be used
in the work area and animal reoms. Protective cloth-
ing shall not be worn cutside of the work area and
shall be decontaminated before being laundered.
{G) Special care shall be taken to avoid skin cen-
tact with other potentially infectious materials.
Gloves shali be worn when handling infected ani-
mals and when making hand contact with other
potentially infectious materials is unavoidable.
(H} Before disposal all waste from work areas and
from animal roems shall either be incinerated or
decontaminated by a method such as autoclaving
known to effectively destroy bloodbome pathogens.
(1) Vacuum lines shall be protected with liquid dis-
infectant traps and high-efficiency particulate air
(HEPA) filters or filters of equivalent or superior
efficiency and which are checked routinely and
maintained or replaced as necessary.

() Hypodermic needles and syringes shall be used
only for parenteral injection and aspiration of flu-
ids from laboratory animals and diaphragm bottles.
Only needle-locking syringes or disposable syringe-
needle wnits (i.e., the needle is integral to the sy-
ringe) shall be used for the injection or aspiration
of other potentially infectious materials. Extreme
caution shall be used when handling needles and
syringes. A needle shall not be bent, sheared, re-
placed in the sheath or guard, or removed from the
syringe follewing use. The needle and syringe shall
be promptly piaced in a puncture-resistant container
and autoclaved or decontaminated before reuse or
disposal.

(K) All spils shall be immediately contained and
cleaned up by appropriate professional staff or oth-
ers properly trained and equipped to work with
potentially concentrated infectious materials.

(LY A spill or accident that results in an exposure
incident shall be immediately reported to the labo-
ratory director or other responsible person.

(M) A biosafety manual shall be prepared or
adopted and periodically reviewed and updated at
least annually or more often if necessary. Person-
nel shall be advised of potential hazards, shall be
required to read instrictions on practices and pro-
cedures, and shall be required to follow them.

(i) “Containment Equipment.”

(A) Certified biological safety cabinets (Class L, I1,
or IIT) or other appropriate combinations of per-
sonal protection or physical containment devices,
such as special protective clothing, respirators, cen-
trifuge safety cups, sealed centrifuge rotors, and
containment caging for animals, shall be used for
all activities with other potentially infectious ma-
terials that pose a threat of exposure to droplets,
splashes, spills, or acrosols.

(B) Biological safety cabinets shall be certified
when installed, whenever they are moved and at
least annually.

(3) “HIV and HBYV research laboratories shall meet
the following criteria:”

(i) Each laboratory shall contain a facility for hand
washing and an eye wash facility which is readily
available within the work area.

(i) An autoclave for decontamination of regulated
waste shall be available.

(4) “HIV and HBV production facilities shall meet
the following criteria:”

(i) The work areas shall be separated from areas
that are open to unrestricted traffic flow within the
building. Passage through two sets of doors shall
be the basic requirement for entry into the work
area from access corridors or other contiguous ar-
eas. Physical separation of the high-containment
work area from access corridors or other areas or
activities may also be provided by a double-doored
clothes-change room (showers may be included),
airlock, or other access facility that requires pass-
ing through two sets of doors before entering the
work area.

(ii) The surfaces of doors, walls, floors and ceil-
ings in the work area shall be water resistant so
that they can be easily cleaned. Penetrations in these
surfaces shall be sealed or capable of being sealed
to facilitate decontamination.

(fiiy Each work area shall contain a sink for wash-
ing hands and a readily available eye wash facility.
The sink shall be foot, elbow, or automatically op-
erated and shall be located near the exit door of the
work area.

(iv) Access doors to the work area of containment

module shall be self-closing.

(v) An autoclave for decontamination of regulated
waste shall be available within or as near as pos-
sible to the work area,

{vi) A ducted exhaust-air ventilation system shall
be provided. This system shall create directional
airflow that draws air into the work area through
the entry area. The exhaust air shall not be recircu-
lated to any other area of the building, shall be dis-
charged to the outside, and shall be dispersed away
from occupied areas and air intakes. The proper
direction of the airflow shall be verified (i.e., into
the work area).

(5) “Training Requirements.” Additional training
requirements for employees in HIV and HBV re-
search laboratories and HIY and HBY production
facilities are specified in paragraph (g)(2){ix).

(f) Hepatitis B Vaccination and Post-exposure
Evaluation and Follow-up.

(1) “General” (i} The employer shall make avail-
able the hepatitis B vaccine and vaccination series
to ali employees who have occupational exposure,
and post-exposure evaluation and follow-up to all
employees who have had an exposure incident.
(i) The employer shall ensure that all medical evalo-
atfons and procedures including the hepatitis B
vaceine and vaccination series and post-exposure
evaluation and follow-up, including prophylaxis,
are:

(A) Made available at no cost to the employee;
(B) Made available to the employee at a reasonable
time and place;

(C) Performed by or under the supervision of a li-
censed physician or by or under the supervision of
another licensed healthcare professional; and

(D) Provided according to recommendations of the
U.S. Public Health Service current at the time these
evaluations and procedures take place, except as
specified by this paragraph (f).

(iii) The employer shall ensure that all laboratory
tests are conducted by an accredited laboratory at
no cost to the employee.

(2) “Hepatitis B Vaccination.” (i) Hepatitis B vac-
cination shall be made available after the employee
has received the training required in paragraph
(2)(2)(vii}(D) and within 10 working days of initial
assignment to all employees who have occupational
exposure unless the employee has previously re-
ceived the complete hepatitis B vaccination series,
antibody testing has revealed that the employee is
immune, or the vaccine is contraindicated for medi-
cal reasons.

(ii) The employer shall not make participation in a
prescreening program a prerequisite for receiving
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hepatitis B vaccination.

(iii) If the employee initially declines hepatitis B

sure incident, the employee elects to have the
baseline sample tested, such testing shall be done

vaccination but at a later date while still covered  as soon as feasible,

under the standard decides to accept the vaccina-
tion, the employer shall make available hepatitis B
vaccination at that time,
(iv) The employer shall assure that employees who
decline to accept hepatitis B vaccination offered
by the employer sign the statement in Appendix A.
{v} If a routine booster dose(s) of hepatitis B vac-
cine is recommended by the U.S. Public Health
Service at a future date, such booster dose(s) shall
be made available in accordance with section
(DCLXG).
(3) “Post-exposure Evaluation and Fellow-up.” Fol-
lowing a report of an exposure incident, the em-
ployer shall make immediately available to the ex-
posed employee a confidential medical evaluation
and follow-up, including at least the foliowing ele-
ments:
(i) Documentation of the route(s) of exposure, and
the circumstances urder which the exposure inci-
dent occurred; )
(ii) Identification and documentation of the source
individual, unless the employer can establish that
identification is infeasible or prohibited by state or
iocal law;
(A) The source individual’s bloed shall be tested
as soon as feasible and after ¢onsent is obtained in
order to determine HBV and HIV infectivity. If
consent is not obtained, the employer shall estab-
lish that legally required consent cannot be ob-
tained. When the source individual’s consent is not
required by law, the source individual’s blood, if
available, shall be tested and the results docu-
mented.
(B) When the source individual is already known
to be infected with HBV or HIV, testing for the
source individual’s known HBV or HIV status need
not be repeated.
(C) Results of the source individual’s testing shall
be made available to the exposed employee, and
the employee shall be informed of applicable laws
and regulations concerning disclosure of the iden-
tity and infectious status of the source individual.
(iii} Collection and testing of blood for HBY and
HIV serological status;
{A) The exposed employee’s blood shall be col-
lected as soon as feasible and tested after consent
is obtained. ) ‘
(B) If the employee consents to baseline blood col-
lection, but does not give consent at that time for
HIV serologic testing, the sample shall be preserved
for at least 90 days. If, within 90 days of the expo-

{iv) Post-exposure prophylaxis, when medically in-
dicated, as recommended by the U.S. Public Health
Service;
(v) Counseling; and
(vi) Evatuation of reported illnesses.
4 “Information provided to the healthcare pro-
fessional.” {i) The employer shali ensure that the
heaithcare professional responsible for the
employee’s Hepatitis B vaccination is provided &
copy of this regulation.
(il) The employer shall ensure that the healthcare
professional evaluating an employee after an ex-
posure incident is provided the following informa-
tion:
(A) A copy of this regelation;
(B) A description of the exposed employee’s du-
ties as they relate to the exposure incident;
{C) Documentation of the route(s) of exposure and
circumstances under which exposure occurred;
(D) Results of the source individual’s blood test, if
available; and
(E) All medical records relevant to the appropriate
treatment of the employee including vaccination
status which are the employer’s responsibility to
maintain.
(5) “Healthcare professional’s written opinion.” The
employer shall obtain and provide the employee
with a copy of the evaluating healthcare
professional’s written opinion within 15 days of .
the compietion of the evaluation.
(i) The healthcare professional’s written opinion for
Hepatitis B vaccination shall be limited to whether
Hepatitis B vaccination is indicated for an em-
ployee, and if the employee has received such vac-
cination.
(ii) The healthcare professional’s written opinion
for post-exposure evaluation and follow-up shall
be limited to the following information:
(A) That the employee has been informed of the
results of the evaluation; and
(B) That the employee has been told about any
medical conditions resulting from exposure to blood
or other potentially infectious materials which re-
quire further evalvation or treatment.
(iii) Al other findings or diagnoses shall remain
confidential and shall not be included in the writ-
ten report.
(6) “Medical Recordkeeping.” Medical records re-
quired by this standard shall be maintained in ac-
cordance with paragraph (h)(1) of this section.
{g) Communication of Hazards to Employees,

(1) “Labels and Signs.” {i) Labels.
(A) Warning labels shall be affixed to nonﬁmmumnm.%
regulated waste, refrigerators and freezers oomS.E-
ing blood or other potentially infections material;
and other containers used to store, transport or ship
blood or other potentially infectious materials, ex-
cept as provided in paragraph (£)(D(DE), (F) and
a).
Mww Labels tequired by this section shall include
the following legend:
[For the universal biohazard symbol, please re-
fer to Chapter 5 (Figure 2) of the ATHA Biosafety
Manual, 2nd Edition. Include the name of the
infectious agent; special requirements for enter-
ing the area; and the name and telephone num-
ber of the laboratery director or other respon-
sibie person.]
(C) These labels shall be fluorescent orange or or-
ange-red or predominantly so, with lettering and
symbols in a contrasting color.
(D} Labels shall be affixed as close as feasible to

“the container by string, wire, adhesive, or other

method that prevents their loss or unintentional re-
moval.
(B) Red bags or red containers may be substituted
for labels. i
(F) Containers of blood, biood components, of
blood products that are labeled as to their contents
and have been released for transfission or othet clini-
cal use are exempted from the labeling requirements
of paragraph (g)-
(G) Individual containers of blood or other poten-
tially infectious materials that are placed in a la-
eled container during storage, transport, shipment
or disposal are exempted from the labeling require-
ment.
(H) Labels required for contaminated equipment
shall be in accordance with this paragraph and shall
also state which portions of the equipment remain
contaminated.
(D) Regulated waste that has been decontaminated
need not be Iabeled or color-coded.
(ii) Signs.
(A) The employer shall post signs at Eo entrance
to work areas specified in paragraph (e), HIV and
HRV Research Laboratory and Production Facili-
ties, which shall bear the following legend:
[For the universal biohazard symbol, please re-
fer to Chapter § (Figure 2) of the ATHA Biosafety
Manual, 2nd Edition. Include the name of the
infectious agent; special requirements for enter-
ing the area; and the name and telephone num-
ber of the laboratory director or other respon-
sible person.]

(B) These signs shall be fluorescent orange-red or
predominantly so, with lettering and symbols in a
contrasting color.
(2)“Information and Training” (i) Employers shail
ensure that all employees with oceupational expo-
sure participate in a training program which B.um"
be provided at no cost to the employee and during
working hours.
(ii) Training shall be provided as follows:
(A) At the time of initial assignment to tasks where
occupational exposure may take place;
(B) Within 90 days after the effective date of the
standard; and .
(C) At lgast annuaily thereafter.
(iit) For employees who have received training on
bloodborne pathogens in the year preceding the ef-
fective date of the standard, only training with re-
spect to the provisions of the standard which were
not included need be provided.
(iv) Anmual training for afl employees shall be pro-
vided within one year of their previous training.
{v) Employers shall provide additional training
when changes such as medification of tasks or pro-
cedures affect the employee’s occupational expo-
sure. The additional training may be limited to ad-
dressing the new exposures created.
(vi) Material appropriate in content and vocabu-
lary to educational level, literacy, and language of
employees shall be used.
{vii} The training program shall contain at a mini-
mum the following elements:
(A) An accessible copy of the regulatory text of
this standard and an explanation of its contents;
(B) A general explanation of the epidemiology and
symptoms of bloodborne diseases;
(C) An explanation of the modes of transmission
of bloodborne pathogens;
(D) An explanation of the employer’s exposure con-
trol plan and the means by which the employee can
obtain a copy of the written plan;
(E) An explanation of the appropriate methods .mQ.
récognizing tasks and other activities that may in-
volve exposure to blood and other potentially in-
fectious materials;
(F} An explanation of the use and :B.:mnoam.nvm
methods that will prevent or reduce exposure in-
cluding appropriate engineering controls, work
practices, and personal protective equipment; ]
(G) Information on the types, Proper use, location,
removal, handling, decontamination and disposal
of personal protective equipment; .
() An explanation of she basis for selection of
personal protective equipment; .
(T) Information on the hepatitis B vaceine, includ-




ing information on its efficacy, safety, method of
administration, the benefits of being vaccinated, and
that the vaccine and vaccination will be offered free
of charge;

(1) Information on the appropriate actions to take
and persons to contact in an emergency involving
blood or other potentially infectious materials;
(K) An explanation of the procedure to follow if an
exposure incident occurs, including the method of
reporting the incident and the medical follow-up
that will be made available; .
(L} Information on the post-exposure evaluation and
follow-up that the employer is required to provide
¥or the employes following an exposure incident:
(M) An explanation of the signs and labels andfor
color coding required by paragraph (g)(1); and
(N) An opportunity for interactive questions and
answers with the person conducting the training
session.

(viii} The person conducting the training shall be
knowledgeable in the subject matter covered by the
elements centained in the training program as it
relates to the workplace that the training will ad-
dress.

(ix) Additional Initial Training for Employees in
HIV and HBV Laboratories and Production Facili-
ties. Employees in HIV or HBV research laborato-
ries and HIV or HBV production facilities shall
receive the following initial training in addition to
the above training requirements.

(A)The employer shall assure that employees dem-
onstrate proficiency in standard microbiological
practices and techniques and in the practices and
operations specific to the facitity before being al-
lowed to work with HIV or HBV.

(B) The employer shal} assure that employees have
prior experience in the handling of human patho-
gens or tissue cultures before working with HIV or
HBV.

(C) The employer shall provide a training program
to employees who have no prior experince in han-
diing human pathogens. Initial work activities shall
not include the handling of infectious agents. A
progression of work activities shall be assigned as
techniques are learned and proficiency is developed.
The employer shall assure that employees partici-
pate i work activities involving infectious agents
only after proficiency has been demonstrated.

(h) Recordkeeping.

(1) “Medical Records.” (i) The employer shall es-
tablish and maintain an accurate record for each
employee with occupational exposure, in accor-
dance with 29 CFR 1910.20.

(1i>This record shall inclode:

bED

(A) The name and social security number of the
employee;

(B) A copy of the employee’s hepatitis B vaccina-
tion status including the dates of all the hepatitis B
vaccinations and any medical records relative to the
employee’s ability to receive vaccination as regnired
by paragraph (f)(2);

{C) A copy of all results of examinations, medical
testing, and follow-up procedures as required by
paragraph (f)(3);

(D) The employer’s copy of the healthcare
professional’s written opinion as required by para-
graph (£)(5); and

(E) A copy of the information provided to the
healthcare professional as required by paragraphs
(DDEEB), (C) and (D).

(iii} Confidertiality. The employer shall ensure that
employee medical records required by paragraph
(h)(1) are:

(A) Kept confidential; and

(B) Not disclosed or reported without the
employee’s express written consent to any person
within or outside the workplace except as required
by this section or as may be required by law.

(iv) The employer shall maintain the records re-
quired by paragraph (h) for at least the duration of
employment plus 30 years in accordance with 29
CFR 19106.20.

(2) “Training Records” (i) Training records shall
include the following information:

(A) The dates of the training sessions;

{B) The contents ora sumutiary of the training ses-
sions; :

(C) The names and qualifications of persons corn-
ducting the training; and

(D) The names and job titles of all persons attend-
ing the training sessions.

(ii) Training records shall be maintained for 3 years
from the date on which the training occurred.

(3) “Availability.” (1) The employer shall ensure that
all records required to be maintained by this sec-
tion shall be made available upon request to the
Assistant Secretary and the Director for examina-
tion and copying,

{ii} Employee training records required by this para-
graph shall be provided upon request for examination
and copying to employees, to employee representa-
tives, to the Director, and to the Assistant Secretary.
(iii) Employee medical records required by this
paragraph shall be provided upon request for ex-
amination and copying to the subject employee, to
anyene having written consent of the subject em-
ployee, to the Director, and to the Assistant Secre-
tary in accordance with 29 CFR 1910.20.

(4) “Transfer of Records.” (i) The employer shall
comply with the requirements involving transfer of
records set forth in 29 CFR 1910.20(h).

(ii) If the employer ceases to do busidess and there
is rio successor employer to receive and retain the
records for the prescribed period, the employer shall
notify the Director, at least three months prior to
their disposal and transmit them to the Director, if
required by the Director to do so, withint that three
month period.

(i} Dates. :

(1) “Effective Date.” The standard shall become
effective on March 6, 1992.

(2) The Exposure Control Plan required by para-
graph (c) of this section shall be completed on or
before May 3, 1992 ’

(3) Paragraph {g)(2) Information and Training and

() Recordkeeping shall Ewm. effect on or befor
June 4, 1992 . o

{4) Paragraphs (d)(2) Engineering and Work Prec-
tice Controis, (d)(3) Personal Protective Equipment,
(d)(4) Housekeeping, () HIV and HBV Research
Laboratories and Production Facilities, (f) Hepati-
tis B Vaccination and Post-Exposure Evaluation and
Follow-up, and (g)(1) Labels and Signs, shall take
effect July 6, 1992,

[56 FR 64004, Dec. 06, 1991, as amended at 57
FR 12717, April 13, 1992; 57 FR 29206, uly I,
1992]

(Appendices for this standard are not included in
this version.)
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